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1 EXECUTIVE  SUMMARY  
1.1 OVERVIEW  
The IEE HARMONAC project was borne out of the main findings of the IEE AUDITAC project, and 
concerns amongst the Partners in that project of the ability of the proposed AC inspection procedures to 
deliver the energy savings possible from AC systems. The main reasons for the concern were: 
• The limited number of appropriate experts to undertake all the AC Inspections that would be 
required – leading to a worry that the legislative requirement would not be able to be fulfilled 
at a practical level. 
• The lack of publically available information about the variations in energy consumption 
around Europe of Air Conditioning systems in practice – thus causing concern about whether 
the AC Inspection procedures were targeting the right areas 
• A lack of clear guidance to owners/operators and Inspectors about how to improve the energy 
efficiency of an AC system in practice based on data obtained from real systems. 
• A lack of incentive for owner/operators to adopt an energy efficient approach to operating 
their AC systems. 
• A lack of incentives to the AC manufacturers to supply more energy efficient AC equipment 
as a result of the lack of demand for such products. 
The IEE HARMONAC project has a number of clear aims: 
• To understand more clearly how Air Conditioning systems consume energy. This was 
achieved through measurements and investigations of Case Studies of working A/C systems 
from across Europe – a vital first step for assessing the real energy saving opportunities 
available from such systems 
• To assess the opportunities for energy savings that the current standards for Inspection of air-
conditioning (AC) systems would identify in practice, and compare these to the Case Study 
Energy Conservation Opportunities (ECOs) found. These ECOs are based on, and add to, 
those initially proposed in AUDITAC. 
• As a result of the project, to propose a series of AC Inspection procedures that provide the 
project Partners views of A/C Inspection 
• To provide new field-tested materials and tools to aid Inspectors in the Inspection process. 
• To ensure the information is presented to the main actors in the field concerned with 
regulating this area. This will help produce regulation and legislation in this area that 
maximises the energy and cost benefits to the system owners, and hence to Europe, from the 
time and money invested in these inspections. 
The official European standard for undertaking AC system inspections in European Member States is 
CEN Standard EN15240 – Guidelines for inspection of air-conditioning systems, and HARMONAC 
has used this as the basis for the Methodology it has assembled and tested during the 3 years of the 
project.  
The HARMONAC Methodology breaks the CEN Standard into a number of discrete Inspection items. 
The reason for this approach is to allow us to assess: 
• The time taken to undertake each inspection item, and 
• The ECOs associated with each inspection item 
The HARMONAC Methodology further alters the CEN Standard by splitting the Inspection into 2 
elements – pre-inspection and inspection. Pre-inspection items are those which it is considered 
reasonable for the building owner to know and have available for an Inspector to assess prior to 
arriving on site, and Inspection items are those that can only be properly assessed by a site visit. 
The advantage of pre-inspection is that it can reduce the manpower costs involved in Inspection if the 
owner keeps good records of his A/C system components, operation, maintenance and areas/activities 
served, and is therefore an incentive for the owner to do so. Pre-inspection also allows the Inspector to 
understand the system and therefore it’s potential for energy savings before inspecting it – which saves 
valuable time in the onsite inspection. 
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The use of the HARMONAC Methodology in Field Trials of these procedures, along with the data and 
insights obtained from the Case Studies of real systems has allowed us to assess how long an 
Inspection based on the CEN standard might take in practice, and which aspects of the inspection 
procedure were likely to be most productive in achieving energy savings. 
Clearly, there is a limit to what can be achieved in terms of proving energy savings in AC systems with 
the size of budget and timescale available to HARMONAC, as well as the time available to an 
Inspector in practice. So, over its 3 year timescale, HARMONAC has produced a number of tools for 
use in the inspection process which were also of use to the project in estimating the energy savings to 
be obtained from implementing specific ECOs. 
In summary, HARMONAC has produced a unique body of data on the energy consumption and other 
properties of AC systems from around Europe. It has also produced data regarding the effectiveness of 
current AC Inspection procedures, and has proposed new procedures which it considers will maximise 
the benefits of Inspection regarding energy savings. It has achieved this from undertaking detailed 
measurements on Case Study AC systems around Europe, completing Field Trials of the proposed 
inspection process, and from using new modelling tools developed by the project to assess the potential 
energy savings from certain actions. The basic findings of all this data are also summarised in the 
HARMONAC Teaching Package which is aimed at trainers of AC Inspectors. 
The impact of the project can be seen in the fact that the outputs from HARMONAC have already been 
used to shape the Recast of the EPBD in this area. Furthermore, HARMONAC partners will be closely 
involved in writing a REHVA Guidebook will be produced in 2012 on the practicalities of undertaking 
AC system Inspections, aimed at the Inspectors who will have to undertake these Inspections on the 
basis of the recast EPBD. The REHVA Guidebook will use the findings from HARMONAC as its 
basis. 
Discussions have also taken place which should help ensure that the REHVA Guidebook will 
complement the proposed revision of CEN Standards covering this area, which it is anticipated will not 
be ready until 2014. This is a problem as the recast EPBD requirements for Inspection must be 
transposed into National Law by 9th July 2012, and applied in practice by 9th January 2013 for public 
buildings and 9th July 2013 for all other buildings. It is hoped that the findings from HARMONAC 
being incorporated into a REHVA Guidebook will help provide guidance to Member States over this 
transition period. 
1.2 DETAILS  
To achieve its aims the IEE HARMONAC project has monitored in sub-hourly detail the energy 
consumptions of 42 AC systems and their components. The systems have been monitored in buildings 
undertaking different activities around Europe and the monitoring period usually spans more than a 
year for each system. The project has also undertaken around 400 Field Trials of the Inspection 
procedure on systems across Europe – the majority of which are enhanced by additional measurements 
which go beyond the current Inspection requirements to enable further insights to be obtained about the 
effectiveness of the inspection process. 
The full findings and outputs from the project are available at www.harmonac.info, but the following 
bullet points summarise the main findings and observations from the project under a series of headings: 
European impact 
• The potential energy savings available could reduce the primary energy consumption of 
EU non-residential buildings by 5.8%, and the EU overall primary energy use by 0.7%. 
• The project concludes that current Inspections are only likely to achieve around 37% of 
the possible savings in AC systems due to the cost, complexity and uncertainty of energy 
savings in existing systems. The rest of the potential savings will therefore simply go 
‘missing’. 
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Before and after energy consumption in a 
Case Study Air Handling Unit once proper 
control had been imposed. 
Impact at an individual AC system level 
• Detailed monitoring of AC systems has 
identified average energy savings of 35 - 
40% in AC system energy use, and 
achievable average AC system energy 
savings amounting to 10.4% of the total 
building primary energy use. 
Energy Conservation Opportunities (ECOs) 
• The most frequently occurring Energy 
Conservation Opportunities (ECOs) found 
during the Field Trials of the HARMONAC 
Inspection Procedures were missing or 
incorrectly set timeclocks, incorrect 
thermostat settings, blocked filters and the 
potential to upgrade the system to a more efficient one.  
• HARMONAC found that current AC Inspection procedures identified only a small percentage 
of the potential savings available in many AC systems. 
• Many significant Energy Conservation Opportunities (ECOs) were not possible to find 
without long-term monitored data specific to the AC system components. 
• Many of the easiest and cheapest ECOs to implement are ECOs related to the operation and 
control of the AC system, but again the faults related to these issues often cannot be found 
without currently scarce detailed monitoring data to show their existence. 
• The costs of implementing physical changes to systems were generally likely to be prohibitive 
compared to simply accepting the additional running costs of the more inefficient systems. 
This means that many ECOs are in practice unlikely to be implemented even if identified and 
quantified. This means a large part of the potential energy efficiency of an AC system is 
‘locked in’ during its design and equipment selection stage. 
Time taken for an inspection 
• The project shows that there is generally a good correlation between floor area and time taken 
to complete an inspection with current inspection procedures. 
• An inspection will take from around a day for a small packaged system to around 3 days for 
the largest systems. These times include writing the report. These timings assume that most of 
the system and building details required are available – for first inspections this is rarely the 
case, and obtaining this information can be expensive for the first inspection. 
• Currently most pre-inspection data is not found in one place and the owner prefers to try and 
deal with everything ‘on the day’ – which can again add significant time and cost to an 
inspection. 
• The tools produced by HARMONAC are useful to the Inspector both ‘on-site’ and ‘off-site’ 
for producing the general advisory reports required. 
• Explicitly linking potential ECOs and Teaching Package elements with an inspection item in 
the inspection procedure was useful during the inspection 
Achieving savings in practice 
• Observations based on real consumption data for the system inspected appear to be the best 
tool to persuade the owner of the need for action. 
• Potential energy savings from smaller AC systems can be significant; with the UK Field Trials 
suggesting average 35% energy savings should be achievable.  
• For the unregulated systems such as exist in domestic properties, the findings suggest that 
their owners could make substantial savings in their electricity consumption by cleaning filters 
as frequently as every four months or so, depending on the amount of dust and other pollutants 
circulating in the air. 
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• There is a lot of anecdotal evidence that the difficulties in completing an AC Inspection in 
practice, due to a lack of time and a general lack of maintained data on the systems by the 
owners, are leading to AC inspections being treated as a simple compliance exercise by both 
owners and inspectors i.e. using the inspection process as an opportunity to improve the real 
energy performance of the systems inspected is rarely happening. 
• The AC system operator appears to have little incentive for running a system efficiently – they 
are still required to have an Inspection – so the onus for achieving energy efficiency lies with 
the Inspector, who is the person with the least influence on energy consumption in practice. 
Inspections may therefore struggle to produce long-term reductions in energy consumption 
without an incentive for the owner/operator to engage in maintaining good operation and 
records of the system. 
• There are no clear indicators of good/bad annual energy performance in AC systems, therefore 
nothing against which an Inspector or Owner can compare an AC system and provide advice 
specific to that system. Therefore the market is providing very low cost Inspections by the less 
reputable Inspectors, which in turn is preventing the better quality Inspection from occurring. 
• This lack of information is also hindering the specifying and designing of more efficient 
systems that could occur if based on clear information on what works in practice in the field. 
This means that many inherently inefficient systems will be designed because there are no 
easily accessible records of the energy performance of various design approaches to AC 
systems with respect to the end use activities served. A clear example of this is that chilled 
beams could be very energy efficient as they require less work from the chiller, but if their 
distribution energy losses are not carefully controlled they can negate any benefits. 
• There are no clear penalties for not having an Inspection as the lack of Inspectors (no profit 
equals no interest) means it is not reasonable to expect everyone to have been inspected. 
Therefore the legislation is being ignored in many cases. 
It appears imperative therefore that, to prevent Inspection becoming a meaningless exercise in terms of 
achieving real and lasting energy efficiency improvements, the above aspects of Inspection are 
addressed.  
In addition, it became clear during the project that in many cases it is impossible to separate out the air 
conditioning services from the ventilation services leading to the conclusion that these services should, 
whenever relevant, be considered together when inspecting the efficiency of an air conditioning 
system. 
1.3 CONCLUSIONS  
HARMONAC has shown that the energy savings are potentially very significant in all system types. 
Average energy savings of around 35% - 40% appear feasible for all system types, mainly due to 
timeclock control, but for an individual small split system which might only serve one room the energy 
savings will struggle to outweigh the financial costs of undertaking the inspection in the first place. 
This is a problem as AUDITAC noted that these systems form a substantial, and growing, part of the 
overall AC market which needs to be controlled if the energy savings from the AC sector are to be 
realised. 
The Case Studies and Field Trials have also revealed that the significant savings anticipated do exist 
across a wide variety of system types and in all climatic regions tested. The only principal climatic area 
for which we do not have data is the Scandinavian region but the findings of this study are likely to be 
repeated there as well. It is also clear from HARMONAC and AUDITAC that the energy saving 
benefits from well run systems are not clear to either owners or operators; that there are still many 
obstacles to achieving an effective Inspection; and that there are insufficient Inspectors to undertake all 
the Inspections needed. 
There are still many practical things that can be done to improve the energy use in AC systems outside 
of an Inspection, principally the establishment of energy benchmarks against which owners can test 
their systems, and by introducing mechanisms that provide the AC system owner with a very clear and 
simple message that it is cheaper to run their systems efficiently than to have an Inspection. 
HARMONAC’s Case Study and Field Trial findings have also reinforced and quantified what was 
already considered to be ‘good practice’, i.e. that to achieve good indoor conditions and good energy 
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efficiency it is necessary to have good operation, maintenance and control of an AC system, as well as 
good record-keeping and choice of the correct type and design of system for the end use activity. 
It is hoped that, as a result of HARMONAC starting to demystify the energy consumption of AC 
systems and having examined the Inspection process strengths and weaknesses in detail, that everyone 
can benefit from revised regulations, standards and operating practices that will help move Europe 
towards achieving cost-effective improvements in AC system energy consumption in practice. 
Perhaps the most crucial findings from HARMONAC in terms of achieving long-term real reduction in 
AC system energy use are the following: 
The average energy savings available from individual systems are rarely sufficient to recover the 
costs of any remedial measures which involve installing new equipment. The ECOs likely to be 
adopted in practice are therefore the low or no cost options, and even these are difficult to get 
implemented in many cases as the savings are ‘invisible’ with current ‘normal’ energy 
management system energy monitoring detail. 
The key to increased long-term energy efficiency in AC systems therefore rests with making it 
cheaper for the owner to run their systems efficiently and to specify low energy equipment, than 
it is to just accept an Inspection. This implies Inspections should be expensive, and that there 
should be an alternative that rewards good energy management by allowing systems to avoid 
inspection if they achieve certain standards.  
The final point is that there is no real understanding in the market of the effect of AC system 
choice and design on the actual energy efficiency achieved in practice. Without addressing this 
issue then more efficient solutions will not gain market share and the market for energy efficient 
equipment will grow more slowly than desired. 
The HARMONAC Partners have proposed a follow-on project, called iSERV, which would provide a 
European-wide benchmarking system that AC system owners could use to establish, understand and 
improve their system performance whilst hopefully avoiding the AC system Inspection through 
demonstrating acceptable performance against benchmarks. The project is expected to have far lower 
costs to AC system owner/operators whilst achieving much greater improvements in AC system 
efficiency – hopefully being able to access some of the ‘missing’ efficiency savings. The efficiency 
improvements will occur as the onus on achieving efficiency in the AC systems will have been given 
back to the AC system owners, rather than them relying on the AC Inspection to achieve this for them.  
The iSERV approach will also stimulate a market for energy efficient AC systems meaning that the 
products, monitoring systems, benchmarks and incentives to achieve energy efficiency will then exist. 
The ingredients needed to achieve low energy consuming AC systems in practice will then be complete 
and should help achieve a further 0.4%+ reduction in EU primary energy use.  
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2 INTRODUCTION  
The IEE HARMONAC project arose out of the findings of the IEE AUDITAC project. Some of the 
main findings of AUDITAC were that there was little or no publicly available information on how AC 
systems consumed energy in practice and that there were likely to be insufficient Inspectors to be able 
to inspect all AC systems that would fall within the scope of the EPBD Inspection. 
HARMONAC therefore set out with the following aims: 
• To understand more clearly how Air Conditioning systems consume energy. This was to 
be achieved through detailed measurements and investigations of Case Studies of working 
A/C systems from across Europe. This is an essential step for assessing the real energy saving 
opportunities available from such systems. 
• To assess the opportunities for energy savings. This aim covers showing what Energy 
Conservation Opportunities (ECOs) the current standards for Inspection of air-conditioning 
(AC) systems actually identify in practice, and comparing these to the ECOs found from the 
more detailed monitoring and surveys undertaken in the 42 Case Studies undertaken in the 
Partner Member States. From this work we can state whether current Inspection procedures 
are effective, which ECOs they identify and which they miss, and hence come to an opinion 
about how energy efficiency in real AC systems might be improved in practice assuming that 
an Inspection will form part of this process. 
• As a result of the project, to propose a series of AC Inspection procedures that provide the 
project Partners views of A/C Inspection. These would take the main findings and 
observations from HARMONAC and turn them into the HARMONAC Partners view of what 
a good AC Inspection might look like. Two other procedures are also provided – a minimum 
view of what an Inspection should contain and the full set of Inspection items that were 
investigated during the project. The aim is not to replace to CEN Standards but to illustrate 
how the Inspection process might be amended to incorporate the HARMONAC findings 
• To provide new field-tested materials and tools to aid Inspectors in the Inspection 
process. The process of Inspection is currently a ‘point-in-time’ investigation with usually 
limited access to useful historic consumption data. HARMONAC therefore determined that 
there was a need for tools which the Inspector could use to determine the likely performance 
of the inspected AC system over time. These tools should be quick and simple to use as the 
amount of time allowed for each Inspection would very likely be quite limited. A tool for use 
during the Inspection was also produced, into which simple measurements could be quickly 
entered and estimates of the operating system efficiency obtained. This tool has proved very 
useful at quickly identifying operating problems with the inspected systems during the 
inspection itself. The other type of material useful to the Inspection process produced by the 
project is a Teaching Package, which has coalesced the project findings into its main elements 
and packaged them as a series of Powerpoint presentations which the trainers of Inspectors 
can use to help teach those aspects of inspection which are most important to saving energy. 
• To ensure the information is presented to the main actors in the field concerned with 
regulating and implementing this activity. This aim has meant that the HARMONAC 
findings have already helped in amending those aspects of the Recast Energy Performance of 
Buildings Directive covering air-conditioning inspection. Future work already planned 
includes a REHVA Guidebook covering the practical implementation of AC system 
inspections which should be complete for 2012. This will have input from members of the 
CEN Standards committee responsible for updating the AC Inspection Standard for 2014. The 
overall intention is that the findings from HARMONAC help to produce guidance, regulation 
and legislation in this area that optimises the energy and cost benefits to the system owners, 
and hence to Europe, from the time and money invested in these inspections. 
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2.1 ACHIEVING  THE  PROJECT  AIMS  
The project was arranged around the following work areas: 
• Monitoring and studying the energy use, operation and maintenance regime of at least 5 AC 
systems in each Partner country in as much detail as possible to understand where the energy 
was being used, what ECOs there were and to quantify these ECOs where possible. This was 
undertaken within the project constraints and for over at least a year for the majority of the 
systems. 
• Taking existing AC Inspection Methodologies and turning them into a specific HARMONAC 
Methodology that allowed the elements of an inspection to be analysed in terms of time taken, 
ECOs identified, and likelihood of achieving energy savings. During the project it was found 
that this approach also allowed ECOs and their savings to be roughly associated with 
inspection items as well as allowing teaching package sections to be referenced as help 
sections.  
• Field trialling the HARMONAC Inspection Methodology in at least 20 AC system inspections 
per HARMONAC Partner country. These trials were supplemented by a larger trial of around 
300 Inspections undertaken in the UK by the AC System Design and Maintenance Partner to 
obtain a statistically larger sample and understanding of the findings from inspection in one 
market. 
• The range of ECOs identified from the Field Studies was compared to those found from the 
Case Studies so that the effectiveness of the Inspection process in identifying all the ECOs 
that potentially existed could be gauged. 
• The information gained about the ECOs identified and quantified by the Case Studies and 
Field Trials was added into the concurrent work stream which was qualitatively and 
quantitatively describing the more common ECOs. Over 140 Energy Conservation 
Opportunities for Air Conditioning systems were identified by the end of the project, with 
over 50 being described in detail. The aim of this work was to provide inspectors with a 
reference guide to ECOs that they could use to assess the likelihood of an ECO existing and 
the potential size of the energy savings achievable. This work is also of value to 
manufacturers and system designers in generally improving the energy performance and 
design of AC systems. 
• There are some practical limitations to an inspection in terms of the time available to 
undertake it and its inherent ‘snapshot-in-time’ nature. HARMONAC therefore also set out to 
provide tools that it had refined and trialled in its own inspections. These were intended to 
increase understanding of the potential energy savings to be achieved in the systems 
inspected, and hence increase the value of the inspection. A significant part of the refining 
process for these tools was trying to minimise the time needed to use the tools, and to make 
them relevant to all parts of the inspection. The tools produced consist of a suite of tools that 
allow simulation of the building and systems; a tool that looks at alterations to the building to 
reduce cooling load; a tool that can be used to check the economics of proposed ECOs; and a 
tool that can be used within the inspection itself to calculate the actual energy efficiency of 
any smaller systems (single splits, packaged units serving one space, etc) being inspected.  
• The final part of the HARMONAC project was to make sure the findings from the project 
were available to as wide an audience as possible and were integrated with other ongoing 
initiatives aimed at improving the impact of Air Conditioning inspections. This aim was met 
in two ways: the first was to take the lessons learnt from the Case Studies, Field Trials, 
production of the ECOs, and production of the Tools and distill them into a Teaching Package 
which would be of value to the trainers of new Inspectors. The second was to find out what 
concurrent initiatives and appropriate dissemination opportunities existed and ensure 
HARMONAC was represented whenever possible. This latter aim was primarily met by 
HARMONAC presenting by invitation at 3 separate meetings of the IEE Concerted Action 
Project; presenting Workshops at 2 separate REHVA events; holding discussions with both 
REHVA and CEN about the use of the project outputs and findings in REHVA and CEN 
Standards; and holding open Workshops in each of the Partner Member States to coincide 
with the Project Meetings.  
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2.2 REPORT  STRUCTURE  
This report presents the findings from HARMONAC in a series of sections as follows: 
1. The HARMONAC Inspection Procedures 
2. Case Studies of Energy Consumption in European AC Systems 
3. Field Trials of the HARMONAC AC System Inspection Procedures 
4. Overview of Case Studies and Field Trials by Country 
5. Energy Conservation Opportunities for AC Systems 
6. Links with other Initiatives 
7. Tools for use in Inspection 
8. Teaching Package for Trainers and Inspectors 
9. Communication and Dissemination Activities 
10. Appendices 
 
Due to the size of the data files contained within them the Appendices contain only the references to 
the separate volumes that contain the data for each Appendix. 
2.3 MEASUREMENT  OF  FLOOR  AREA  
HARMONAC uses the Gross Internal Floor area (GIA) in m2 as its measure of area. For the purposes 
of evaluating the AC systems this is defined as the total floor area served by the AC system that is 
bounded by the inside surface of any external walls and runs to the centreline of any bounding internal 
walls. 
Any walls that are contained within the conditioned space are disregarded and the area they occupy is 
added into the conditioned zone.  
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3 THE  HARMONAC  INSPECTION  PROCEDURES  
The FULL HARMONAC AC Inspection Methodology formed the central element of the Field Trials 
tested during this project, and also acts as the focus for many of the final outputs from the Project. 
Three versions of the Methodology have been made available at the end of the project: 
1. The HARMONAC FULL version. The intention in providing this version of the Methodology 
is to make available to European Member States an Inspection Procedure that was used to 
obtain the information derived about the AC Inspection elements from the HARMONAC 
Project. It contains a number of Inspection items that may not lead directly to energy savings 
but will provide a greater insight into the interaction of the building and the AC system. This 
can be found in Appendix 1a: Full HARMONAC Air Conditioning Inspection Procedure 
2. The HARMONAC PREFERRED version. This contains all those Inspection elements that 
the HARMONAC Partners think in practice might lead to worthwhile energy savings. It has 
been derived from an understanding of time taken for an item against the likely savings by 
that item. In practice it covers the same main elements as the full procedure but the detailed 
inspection items are reduced to those that will identify ECOs that are likely to be implemented 
in practice AND those larger potential ECOs that may not be implemented but about which 
the owner should be aware. This procedure can be found in Appendix 1b: Preferred 
HARMONAC Air Conditioning Inspection Procedure 
3. The HARMONAC SHORT version. This version covers the same main elements as the full 
procedure but the detailed inspection items are reduced to just those that it is considered will 
identify ECOs that are likely to be implemented in practice. It is intended that this version 
should act as a guide to the minimum set of Inspection items that should be required by 
Member States. This can be found in Appendix 1c: Short HARMONAC Air Conditioning 
Inspection Procedure 
In deriving the various Inspection procedures, particular attention was paid to the time cost: energy 
benefits ratio of undertaking various aspects of the inspections based on the findings from the project. 
This information is essential to assist in reducing the cost and effort in Member States of future 
inspections to be undertaken under the EPBD. 
3.1 INTRODUCTION  
It is important to note that at the time of writing this report none of the Methodologies presented 
here has been ratified by any European Member State as an acceptable AC Inspection 
Methodology. The Methodologies are presented as an exploration of the project findings, and to 
provide a basis from which Member States can assemble their own Methodologies if desired. 
The Energy Performance of Buildings Directive requires inspection of all air-conditioning systems 
with a rated cooling capacity of over 12kW. The EPBD defines an air conditioning system as “a 
combination of all the components required to provide a form of air treatment in which temperature is 
controlled or can be lowered, possibly in combination with the control of ventilation, humidity and air 
cleanliness.” 
The HARMONAC Inspection procedures presented apply only to systems that can actively reduce the 
temperature of the spaces that they serve, i.e. they do not consider mechanical ventilation systems that 
might introduce cooler air into a space. Some systems might also provide heating to the space as well 
as cooling, but where the heating element can be separated this is not considered by these procedures 
either. 
All three HARMONAC Methodologies presented provide assessments of the likely energy savings for 
each Inspection item in terms of the Energy Conservation Opportunities (ECOs) that have been found 
for that Inspection Item during the HARMONAC Project. 
The information to be collected in all 3 inspections relates to the structural and mechanical components 
that affect building energy use and the operational characteristics of the facility. HARMONAC has 
concluded that much of this information can potentially be collected prior to the site visit, and has 
proposed that an EPBD AC Inspection be undertaken in two phases – pre-Inspection and Inspection. 
Evaluating energy use and systems before going on-site through a pre-Inspection helps identify 
potential ECO’s and makes best use of time spent on-site, thereby improving the effectiveness of an 
on-site Inspection and helping reduce the overall cost.  
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3.2 THE  HARMONAC  INSPECTION  METHODOLOGIES  
The purpose of an Air Conditioning inspection is to determine the energy efficiency of the AC system 
in the context of the overall building and of its specific components, the structure and equipment. Its 
aim is to generate energy improvement options for the AC system inspected, to estimate the costs of 
energy improvements and propose the likely Energy Savings from the ECO’s identified.  
There are two basic phases to an inspection, a pre-inspection phase, that ideally does not require a site 
visit, where the Inspector gathers data about the building sand system to be studied, and an in-depth 
detailed inspection, either of the entire building and system or of only selected parts of the building.  
The main elements of all 3 HARMONAC A/C Inspection Methodologies are: 
1. Data collection about the actual building, the installed HVAC system, its current and designed use, 
and building occupancy. This includes analysis of this data to help identify possible areas of concern or 
just to reassure the Inspector that the system operation is normal and reasonable.  
2. Physical Inspection. Determination of the existence or otherwise of faults or possible improvements 
to the AC system within the following suggested time periods (determined from HARMONAC Field 
Trials):  
• 0.5 to 3 days in total on-site, visual verifications, analysis of as-built records, system manuals, 
possible complaints and operating costs.  
• Potentially short tests of functional performances but without, or with very limited, 
additional instrumentation (may be just a few checks in order to verify that the main 
equipment is in “normal” use, that the control system is “normally” active, and that system air 
flows and temperatures being achieved are those expected). 
3. Inventory. Prior to considering any possible improvements of the air conditioning system, it is 
necessary to produce an inventory of the thermal equipment in place and to collect information about it. 
Some building owners or facility managers have a well documented description of their plants. In other 
cases, a detailed tour in the building can produce the necessary information about the installation in 
order to determine the type of equipment in place. The existence of certain components implies a 
certain functioning of the installation.  
4. Different phases. Two or more phases of Inspection may be needed or preferred, e.g. a first phase 
might be the collection of the information and evaluation of the collected data, a second phase the site 
visit (walk-through), and a third phase the formal analysis and reporting of these 2 phases. The choice 
of how to undertake an inspection in practice is dependent on the system and building to be inspected, 
and the information available for the pre-inspection phase. 
Phase 1: Information Collection and Evaluation 
1. Establish a connection and talk briefly with the building operating personnel, owner, 
occupants etc. about the HVAC system, comfort, problems etc 
2. Study the plans and specifications and become familiar with the building, systems, capacities, 
equipment, etc. 
3. Examine the overall building energy consumption history AND AC system energy 
components consumption history if available. If not, get a complete building energy 
consumption history on gas, oil, and electrical use from utility companies and fuel suppliers. 
Compare the consumption per unit area per year with other similar buildings and determine 
degree of variance. 
4. List maintenance, cleaning, adjustment, repairs and system balancing undertaken to this point. 
Phase 2: Walkthrough inspection procedure  
Field Surveys 
1. Make an initial walkthrough inspection to become familiar with the building, systems, 
equipment, maintenance, operation status etc 
2. Take spot test measurements if needed. 
3. If the walkthrough inspection is sufficient, calculate energy savings from ECO’s for the 
various energy improvements, estimate retrofit costs and calculate paybacks. 
4. Make a thorough inspection of building systems and equipment and become familiar with 
them. Check out operations, maintenance, malfunctions, comfort, problems etc. 
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5. Check and record equipment specification plates and model numbers. 
6. Conduct in-depth interviews if needed with the HVAC system manager and some spot 
information could be provided by occupants in specific thermal zones (e.g. some persons who 
work in the north side of the building and others in the south side). Review maintenance, 
scheduling, performance, comfort and problems of building, equipment and systems. 
7. Record actual hours of operation of systems and equipment, and the hours of occupancy of the 
personnel.  
Energy Data 
8. Study and analyze the history of the buildings electrical and fuel energy consumption. 
Compare with building consumption indices of similar buildings. 
9. Determine actual existing seasonal and peak energy consumption, along with the efficiencies 
of specific systems and equipment based on tests and other data. 
10. Calculate the peak and seasonal heating and cooling loads actually required for the current 
conditions of the building. Compare with the design and existing capacities. 
Field Tests 
11. Perform measurements of actual flows, temperatures, pressures, etc. in the HVAC equipment 
where possible.  
Evaluation of Energy Improvements 
12. List all problems with buildings, systems and equipment. 
13. Generate energy improvements and develop those with most potential. 
14. Calculate the potential energy savings from ECO’s in percentage of total consumption and in 
terms of kWh in a typical season. Depending on the energy contract, cost estimation should be 
provided.  
15. Estimate costs of retrofitting, payback time and return of investment. 
Phase 3: Report and Analysis  
1. The final report should summarise all the main findings from the Inspection and be clear as to 
the ECOs identified to minimise the obstacles to their implementation. 
To summarise, three distinct steps are suggested as being required for a FULL Inspection: 
1. Preliminary data collection and evaluation 
2. Physical survey - site visit 
3. Analysis and reporting 
3.3 INSPECTION  OBJECTIVES  
Each HVAC system is somewhat unique and its particular characteristics can only be identified by 
inspection and measurement.  
Depending on the size of plant, its documentation, and any existing monitoring instruments in place, a 
list of objectives to be achieved during a HARMONAC Inspection is as follows: 
1. Inventory of thermal equipment in place and documentation 
2. Description of intended control of the area to be cooled leading to a definition of the area 
actually cooled 
3. A walk-through inspection (i.e. non-invasive) as a way to check or complete those two aspects 
and to determine possible faults in the installation and operation of the system 
4. Field check of maintenance standards 
5. Collection and treatment of all electricity and other energy consumption profile data (if any) 
6. Disaggregation of AC data from others where possible 
7. Survey of discomfort, air quality and other observations either by users or professionals 
8. Collection and treatment of run hours data for equipment 
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9. Local measurement allowing determination of some key parameters (achieved room air 
temperature, condensing temperature etc.) 
3.4 PRE‐INSPECTION  ‐ PRELIMINARY DATA  COLLECTION    
A pre-site visit review of documentation about building systems and their operation should generate a 
list of specific questions and issues to be discussed during the actual visit to the facility. This 
preparation will help ensure the most effective use of on-site time and minimize disruptions to building 
personnel. 
A thorough pre-site visit review will also reduce the time required to complete the on-site portion of the 
Inspection. The first task is to collect and review ideally a minimum of two years worth of utility 
energy data for electricity. The HVAC system consumption data should be provided if the system is 
measured separately. This information is used to analyse operational characteristics, calculate some 
energy benchmarks for comparison to averages, estimate savings from ECO’s potential, set an energy 
reduction target, and establish a baseline to monitor the effectiveness of implemented measures. The 
building manager should provide occupancy schedules, operation and maintenance practices, and plans 
that may have an impact on energy consumption. This kind of information can help identify times 
when building systems such as lighting, recirculation pumps or outside air ventilation can be turned off 
and temperatures set back. 
The building manager should also provide all plans and documentation. If the data are not available 
and/or if they don't correspond to reality, then the first action should be to help to collect the data – 
though clearly this will have additional time and cost implications. If there is a BEMS installed then an 
Inspection could additionally use data such as Air Temperature profiles, RH levels, energy 
consumption data, etc., to inform the Inspection. 
Efficient operation, in the context of Building Operation and Maintenance (O&M), refers to activities 
such as scheduling equipment and optimising energy and comfort-control strategies so that equipment 
operates only to the degree needed to fulfil its intended function.  
Maintenance activities involve physically inspecting and caring for equipment. These O&M tasks, 
when performed systematically, increase reliability, reduce equipment degradation, and sustain energy 
efficiency. Building operation and maintenance programs specifically designed to enhance operating 
efficiency of HVAC can reduce energy bills without significant capital investment.  
Frequently, building owners and managers outsource most if not all of the operation and maintenance 
services for their building systems. The service contracts should be scrutinised regularly along with the 
actual performance achieved where possible. The building manager should provide information 
regarding complaints about thermal comfort and indoor air quality (what, when and where). 
3.5 INSPECTION  –  PHYSICAL SURVEY  
Following completion of the pre-inspection aspects, a physical survey of the relevant AC systems will 
follow. The data collected from this survey will be used to verify and complement the information 
obtained during the pre-inspection process e.g.: 
- Fuel and electricity consumptions  
- Occupancy rates and corresponding loads 
- Set points – intended and HVAC system schedule 
- Comfort and health achievement and/or occupant use and control of the building and recorded 
complaints  
- List of all A/C system components (including so-called auxiliaries) along with power 
consumptions and other data indicated on nameplates. 
Combining the information obtained from these 2 phases of the Inspection will allow the Inspector to 
assess whether the A/C system design and operation is appropriate for the demands from the building 
and current occupancy regime. 
3.6 INSPECTION  –  ANALYSIS  AND  REPORTING  
Complementing the preliminary data collection and physical survey phases of the Inspection is the 
need for the Inspector to analyse the data and information collected during and after the Inspection. A 
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methodical and defensible analysis of the data collected is essential to ensure that the A/C Inspection is 
accorded the respect necessary to achieve improvement in the operation of the A/C system inspected. 
Against this self-obvious statement is the need to undertake the Inspection in a limited time to enable it 
to be cost-effective. 
This on-going analysis can proceed in many ways, including using the Inspector’s own expertise and 
experience. However, assuming that a number of Inspectors will be inexperienced in assessing the 
performance of AC systems in operation, then HARMONAC proposes a number of tools and 
procedures to ensure no obvious opportunities or shortcomings are missed. 
3.7 LIST  OF  TOOLS  AND  PROCEDURES  FOR  USE  IN  AN  INSPECTION  
- CAT Tool – A quick and simple programme to enter building fabric and occupancy data and 
check for potential opportunities to reduce the cooling and heating demands in the building  
- AC-Cost – A simple spread sheet that aims to improve the status of the operation of an air 
conditioning plant through the analysis of the history of running costs bills including energy, 
water, maintenance and to estimate the possible savings from some energy conservation 
opportunities (ECOs) 
- Bill Analyser – Checks existing bill consumption data and uses it as an input to the 
Benchmark and SimAudit tools 
- SimBench – To establish a predicted baseline performance for the building and system being 
analysed 
- SimAudit – To predict the effect of varying aspects of the A/C system and building on the 
energy consumption of the A/C system over time. Enables identification of the main energy 
consuming elements of the system e.g. fans, pumps, chillers, etc to enable a more focussed 
advice to be generated from the Inspection. (click to see an overview of the tool) 
- System Performance Calculator – An Excel-based workbook used to assess the performance 
of split and package air conditioning systems during an Inspection and improvements made by 
any maintenance tasks carried out on the system. 
3.8 STRUCTURE  OF  HARMONAC   INSPECTION   ITEMS  
A typical HARMONAC Inspection item is shown below:  
• The Inspection item column contains a hyperlink to the more complete data descriptions that 
detail what needs to be collected for this Inspection item 
• The Time column shows the range of times required to complete this item in HARMONAC 
Field Trials 
• The ECOs column provides hyperlinks to those ECOs that were identified during 
HARMONAC as being found or linked to this Inspection item. 
• The Example Savings from ECOs column provides a range of the energy savings that were 
found during HARMONAC for those ECOs linked to this item 
• The Teaching Package column hyperlinks to the Teaching Package for further information 
Inspection Item # 
Short Description 
Time 
(mins) ECO’s 
Example 
Savings 
from 
ECO’s  
Teaching 
Package 
PI6 
Building mass 
and air tightness / 
leakage 
9 to 30  
E2.4 Correct excessive envelope air leakage 
E2.6 Generate possibility of night time over 
ventilation  
E3.3 Add insulation to exterior walls by filling 
cavities 
5 to 
27%  
or  
7 to 48 
kWh/m2  
 
PI6: 
Building 
thermal 
mass and 
ventilation 
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4 CASE STUDIES  OF  ENERGY  CONSUMPTION  IN  EUROPEAN  AC  SYSTEMS  
4.1 INTRODUCTION  
There is little publically available data on the in-use energy consumption of Air Conditioning systems 
and their components. Without this information it is not possible to produce fact-based reasons and 
logic for any proposed improvements to the process of EPBD Air Conditioning Inspections in Europe. 
The aims of the project which are met by the Case Studies are: 
• To understand where energy is used over a whole year in a variety of AC systems. 
• To help establish the range of energy savings potentially possible in practice, and use these 
savings to help provide quantification for the HARMONAC ECOs where possible.  
The funding mechanism for this type of project usually allows for little or no capital expenditure on 
monitoring equipment, but this project was considered crucial to understanding how to undertake 
effective air conditioning Inspections so some limited allowance was made for basic equipment. 
However, the majority of any monitoring system had already to be in place for the Case Studies chosen 
by the project Partners. It could therefore be considered that the findings from the Case Studies 
presented here already represent well managed and understood AC systems, so that in reality any actual 
potential savings from the bulk of AC systems in Europe would be greater again. The findings of this 
project regarding energy use in AC systems, and the potential energy conservation opportunities 
available, should therefore be considered as conservative in terms of potential energy savings to be 
made in the AC systems in Europe generally. 
The Case Studies presented here are therefore dictated by access and existing data collection facilities 
issues rather than any consideration of what types of end use were most useful to Study. In the end 
though, the systems to which the Partners were able to gain access covered a wide range of expected 
end use activities in the cooling of buildings, from state-of-the-art cooling systems for high end 
computing applications, through the dominant use within Office type environments, through to the 
simplest single split systems in a single room. 
4.2 THE  CASE  STUDIES  
There were 42 individual Case Studies finally available for public dissemination from around Europe. 
Their details are in the table below: 
Case Study 
Code Case Study Name Location 
Dominant end use 
served Type of AC system 
CSAEA#1 Miele building Vienna/Austria Service office / single office space 
centralised All Water 
System 
CSAEA#2 Energy Base Vienna/Austria Service office / open plan offices 
Centralised Air and Water 
Sytem 
CSAEA#3 Axima Building A Vienna /Austria Service office / open plan offices Centralised All Air Sytem 
CSAEA#4 Axima Building C Vienna / Austria Service office / open plan offices Centralised All Air Sytem 
     
CSULG#1 
Large VAV 
Administration 
Building 
Namur / Belgium Office/single office space 
VAV All-air (for cooling 
and AC) 
CSULG#2 
Large CAV/FCU 
Administration 
Building 
Brussels / Belgium Office/single zone space CAV Air/water (fan coils) 
CSULG#3 Medium CAV/IU Office Building Brussels / Belgium
Office/landscaped 
offices 
CAV Air/water (induction 
units) 
CSULG#4 Medium CAV/FCU Laboratory Building Liège / Belgium Laboratories CAV Air/water (Fan Coils) 
CSULG#5 Medium VAV Office Building 
Charleroi / 
Belgium 
Office/single zone 
space VAV All air 
     
CSFR#1 Armines 1 Auditorium Paris, France Educational facility / Auditorium 
Centralised/All air 
system/Single Zone/Direct 
expansion unit 
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Case Study 
Code Case Study Name Location 
Dominant end use 
served Type of AC system 
CSFR#3 Armines 3 Split Sophia Antipolis, France 
Educational facility / 
Computer lab & offices Packaged Units 
CSFR#4 Armines 4 AHU Sophia Antipolis, France 
Educational facility / 
Auditoriums Centralised / Air and water 
CSFR#5 Armines 5 FCU Sophia Antipolis Educational facility / Laboratories & Offices Centralised / All water 
CSFR#7 
Armines 7 Offices 
FCUs / Meeting rooms 
AHU 
Paris, France Offices Centralised  / Air-Water system 
     
CSNKUA#1 Office Building Athens, Greece Office Building / Architects 
9 split-air + 2 single 
packaged units 
CSNKUA#2 Gym Athens, Greece Gym / Working out 1 air-water heat pump in conjunction with an AHU 
CSNKUA#3 Super Market Athens, Greece Super Market / Shopping 
4 rooftop packaged air 
conditioning units + 4 
heaters 
CSNKUA#4 Conference Center Athens, Greece Conference Center 1 air-water heat pump in conjunction with 2 AHU 
CSNKUA#5 Library Athens, Greece Library / Book keeping 2 air-water heat pump in conjunction with 7 AHU 
     
CSPOLITO#1 ATC: Office building with Water system Turin, Italy 
9 storeys tower, 80% 
glazed, Offices 
Centralized, all water with 
fancoil 
CSPOLITO#2 
Envipark: Office/Lab 
building with mixed 
systems 
Turin, Italy 
3 storeys, 50% glazed, 
Offices and 
Laboratories 
Centralized, with 
adsorption and electric 
chillers, air/water system 
with fan coil and chilled 
beams 
CSPOLITO#3 ITIS: Retirement Home with Water system Trieste, Italy 
3 storeys, 30% glazed, 
Health and 
Care/Retirement home 
Centralized, electric 
chillers, all air conditioning 
single zone and mixed 
air/water heating 
CSPOLITO#4 
SELEX: Office/Labs in 
a 16 storeys tower with 
air/water system 
Genova, Italy 
16 storeys tower, 80% 
glazed, Offices and 
laboratories 
Centralized, with electric 
chillers, air/water system 
with fan coil and chilled 
beams 
CSPOLITO#5 
Regione Piemonte: 
Office building with 
VRF system 
Turin, Italy 3 storeys, 30% glazed, Offices VRF units 
     
CSUL#1 Eurocenter Ljubljana/Slovenia Offices Heat rejection system 
CSUL#2 Cankarjev dom Ljubljana/Slovenia Concert hall All air system 
CSUL#3 Millenium Ljubljana/Slovenia Commercial-sport building All air system 
CSUL#4 Spar Ljubljana/Slovenia Store All air system 
CSUL#5 ZPIZ Ljubljana/Slovenia Offices Air and water system 
     
CSWSA#1 Prestigious Office block with VAV London, UK 
Concrete frame 
building: Offices 
VAV main and secondary 
systems 
CSWSA#2 Office block with VAV Cardiff, UK Concrete frame building: Offices Single Duct VAV 
CSWSA#3 Server Room with DX splits Cardiff, UK 
Concrete frame 
building: IT room DX Split-packaged units 
CSWSA#4 
Auditorium, practice 
rooms and lecture 
theatres with dual-duck 
VAV 
Cardiff, UK Solid brick building: Higher Education Dual-duct, single fan VAV 
CSWSA#5 Server room with DX splits Cardiff, UK 
Concrete frame 
building: IT room DX Split-packaged units 
CSWSA#7 Laboratories and offices with VAV Cardiff, UK 
Concrete Frame 
Building: Higher 
Education and research 
Single Duct with VAV 
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Case Study 
Code Case Study Name Location 
Dominant end use 
served Type of AC system 
CSWSA#8 Computer suite in water-chilled cabinets Cardiff, UK 
Solid stone building: IT 
suite 
packaged chillers and 
chilled computer cabinets 
CSWSA#9 Library with CV and runaround coils Cardiff, UK 
Concrete Building: 
Library CV with multizone re-heat 
CSWSA#10 
Prestigious Office block 
with Chilled Beams and 
Fan Coils 
London, UK Concrete frame building: Offices 
Mech Vent Air Supply with 
Chilled Beams and Fan 
Coils 
     
CSINEGI#2 Almeida Garrett Porto, Portugal Library 
Two chillers for the primary 
system and AHU with two 
pipe fan-coils as secondary 
system 
CSINEGI#3 Guerra Junqueiro Porto, Portugal Museum 
Two Chillers and system 
AHU for the  secondary 
system 
CSINEGI#4 INESC Porto, Portugal Office building Water Chiller with cool storage 
CSINEGI#5 FEUP/Cafeteria Porto, Portugal Cafeteria/Fast Food Dining 
Roof top unit with R407C 
F-gas as primary system 
Each Case Study has been written up independently by the Partner who undertook it, and the complete 
Case Studies can be found in Appendices 2a to 2h. A Summary for each Partners Case Studies by 
Country follows this Overview. 
4.3 ECO’S  FOUND   IN  THE  CASE  STUDIES  –  FREQUENCIES  AND  SAVINGS  
The following graphs show the frequency of occurrence of the various ECOs and the average savings 
found from them. These savings are shown as kWh/m2 figures found from the actual Case Studies, as 
well as % changes from the actual use in those same studies. 
The data is presented in terms of the ECOs Envelope, Plant and Operational & Maintenance categories. 
4.3.1 FREQUENCY  OF  DETECTED  ECOS  
More than 3000 Energy conservation opportunities (ECOs) were detected in the 42 Case Studies and 
400 Field Trials undertaken during the HARMONAC project. This gives an average of around 7 ECOs 
detected for each Study. The ECOs are presented by code to allow clearer figures.  
The frequency of occurrence of the more important ECOs is presented in the following three figures for 
each ECO family.  
The frequency of occurrence shows the percentage of the Studies from the HARMONAC field trials 
where a specific ECO was detected. Only those ECOs where the frequency of occurrence is higher than 
5% are shown here, as these form the best indicators of the likely average energy savings to be gained.  
 
Frequency distribution for the main Envelope ECOs 
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Envelope and Internal Gains ECOs are linked to the building fabric and activities undertaken within the 
space conditioned. Applying these ECOs has an indirect effect on the AC systems energy use by 
reducing the cooling demand they have to satisfy. These ECOs can also lead to a reduction in the 
installed cooling power when refurbishing AC systems.  
The findings from the project, shown in the previous graph, show that ECO E4.6, Replace lighting 
equipment with low consumption types, was the most commonly detected (21%). The high frequency of 
detected ECOS in this sub-family, (E4.#) Other actions aimed at load reduction, prove that usually 
there is considerable potential for spaces internal loads reduction. 
For the Plant family, 14 ECOs with a high frequency of occurrence were detected. These are shown in 
the graph below. The two most frequently detected ECO were P1.3 and P3.10, Modify controls in order 
to sequence heating and cooling and Consider applying demand-controlled ventilation. 
 
Frequency distribution for the main Plant ECOs 
From the almost 3000 detected ECOs, about 50% belong to the Operation and Maintenance Family. 
This means that there are a considerable number of AC systems that need attention in this area. These 
ECOs frequently occur because many AC systems have poor or non-existent maintenance regimes. 
Usually these types of savings require little or no investment to achieve, and often do not even require 
intervention in the A/C systems. The next graph shows the 22 most frequently occurring ECOs  
 
Frequency distribution for the main O&M ECOs 
Of the 22 ECOs shown, 6 of them were detected in more than 30% of the Studies. The most frequently 
detected ECO was O4.14, Clean or replace filters regularly, followed by ECOs O1.1 and O2.2, 
Generate instructions (“user guide”) targeted to the occupants and Shut off A/C equipments when not 
needed, respectively. 
ECOs P3.10, O4.14 and O2.2 are probably the most important ECOs noted during the whole project. 
Sections 4.3.2 and 4.3.3 show why. 
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4.3.2 AVERAGE  SAVINGS  EXPECTED  FROM  EACH  ECO  
It is important to note that in this section of the report the energy savings are given in Primary 
Energy Terms to enable the savings found for gas and electricity to be consolidated into one 
average saving.  
The conversion factors used are as follows: 
 Primary energy factors CO2 production 
[kg/MWh] Resource Total 
Fuel oil 1.35 1.35 330 
Gas 1.36 1.36 277 
Electricity Mix UCPTE 3.14 3.31 617 
Source: Oekoinventare für Energiesysteme - ETH Zürich (1996) 
These factors include the energy to build the generation and transportation systems for the 
transformation of the primary energy to delivered energy. 
The following tables present the frequency of occurrence of the ECOs and the average Primary Energy 
savings for each ECO to enable an average expected primary energy saving for each ECO to be 
derived. 
The first table presents one key ECO on its own, ECO O2.2 – Shut off AC equipment when not 
needed. The reasons for this are that this ECO is likely to be the main ECO capable of being 
implemented throughout the EU without much effort or issue, and that implementation of this ECO has 
implications for the savings achievable for all other ECOs as it affects the time they will then operating 
for. In some systems timeclocks or some other means of time control will need to be installed.  
ECO Occurrence Average Primary Energy Savings Average Expected Primary Energy Savings [%] [kWh/m2] [kWh/m2] 
O2.2 45% 53.6 24.1 
It can be seen therefore that in terms of frequency of occurrence and average savings per occurrence we 
would expect this one ECO alone to achieve 24.1 kWh/m2 of primary energy savings across all 
systems. As the average primary energy demand of the buildings in the HARMONAC Case Studies is 
759.4 kWh/m2 per year then this equates to a potential reduction in building energy use of 3.2% by this 
one simple to implement measure. 
The expected average primary energy savings for all the other main ECOs found and quantified in 
HARMONAC are given in the following tables by ECO family. 
Envelope & Internal Gains ECOs 
ECO Occurrence Average Primary Energy Savings Average Expected Primary Energy Savings 
[%] [kWh/m2] [kWh/m2] 
E1.1 9% 21.0 1.9 
E1.2 8% 3.3 0.3 
E1.4 5% 3.5 0.2 
E2.4 3% 77.2 2.6 
E2.6 9% 6.6 0.6 
E3.1 4% 77.8 3.1 
E3.4 6% 20.2 1.2 
E3.9 12% 28.8 3.4 
E4.1 3% 9.9 0.3 
E4.4 6% 1.8 0.1 
E4.5 12% 4.2 0.5 
E4.6 15% 21.8 3.4 
E4.8 13% 16.7 2.2 
The following graph displays the energy savings per ECO graphically. The average energy savings per 
ECO for the Env.& Int. Gains family was 22.5 kWh/m2year, while the average expected primary 
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energy savings across all these ECOs, taking frequency of occurrence into account, was 19.4 
kWh/m2year.  
ECOs E2.4 - Correct excessive envelope air leakage and E3.1 - Upgrade insulation of flat roofs 
externally, were the ones that led to highest energy savings, with the average savings values being 
above 70 kWh/(m2year), but ECOs E3.9 - Use double or triple glaze replacement and E4.8 - Introduce 
daylight / occupation sensors to operate lighting switches would lead to the largest savings across all 
the systems. 
 
The Plant ECOs are covered in the next table and graph. 
Plant ECOs 
ECO Occurrence Average Primary Energy Savings Average Expected Primary Energy Savings 
[%] [kWh/m2] [kWh/m2] 
P1.4 9% 31.7 3.0 
P1.5 9% 4.8 0.4 
P1.6 9% 0.4 0.03 
P1.7 6% 8.2 0.5 
P2.2 4% 1.9 0.1 
P2.5 9% 9.4 0.9 
P2.6 11% 39.9 4.5 
P2.12 0% 49.8 0.0 
P3.3 9% 2.7 0.2 
P3.4 5% 11.0 0.5 
P3.6 8% 44.0 3.5 
P3.7 3% 10.3 0.4 
P3.9 6% 32.3 2.0 
P3.10 34% 35.9 12.1 
P3.11 5% 18.0 1.0 
P4.1 11% 0.7 0.1 
The following graph displays the energy savings per ECO graphically. The average energy saving per 
ECO for the Plant family was 18.8 kWh/m2year, while the average expected primary energy savings 
across all these ECOs, taking frequency of occurrence into account, was 29.2 kWh/m2year.  
For the Plant ECOs family, 6 ECOs were found with energy savings above 30 kWh/m2year. The two 
ECOs with highest savings were P2.12 - Consider the possibility of using waste heat for absorption 
system and P3.6 - Apply variable flow rate fan control. The other ECOs with high energy savings are 
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related to improvements on the HVAC system, like upgrade of the cooling equipment and introduction 
of exhaust heat recovery solutions. 
However, as with the Envelope and Internal Gains ECOs, the ECOs that should actually deliver the 
largest energy savings in practice across all the systems are different from those which have the highest 
potential saving. The two most important ECOs in this category appear to be P2.6 - Replace or upgrade 
cooling equipment and heat pumps and P3.10 - Consider applying demand-controlled ventilation. 
 
The next section considers the Operation and Maintenance ECOs. 
Operation & Maintenance ECOs 
ECO Occurrence Average Primary Energy Savings Average Expected Primary Energy Savings 
[%] [kWh/m2] [kWh/m2] 
O1.2 9% 73.8 6.9 
O2.3 12% 16.0 1.9 
O2.5 6% 8.2 0.5 
O2.6 15% 7.3 1.1 
O3.8 2% 0.5 0.0 
O3.20 4% 7.1 0.3 
O4.1 6% 7.9 0.5 
O4.7 5% 2.1 0.1 
O4.8 4% 2.5 0.1 
O4.9 18% 5.8 1.0 
O4.14 51% 1.5 0.8 
O4.16 3% 1.0 0.0 
O4.19 6% 8.9 0.6 
The following graph displays the energy savings per ECO graphically. The average energy saving per 
ECO for the O&M family was 14.0 kWh/m2year, while the average expected primary energy savings 
across all these ECOs, taking frequency of occurrence into account, was 37.9 kWh/m2year.  
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For the Plant ECOs family, 2 ECOs clearly dominate with energy savings above 50 kWh/m2year. The 
two ECOs with highest savings were O1.2 - Hire or appoint an energy manager and O2.2 - Shut off 
A/C equipments when not needed.  
 
The importance of O2.2 has already been discussed earlier and if we remove its overall savings from 
this family then the average energy saving per ECO for the O&M family falls to 11.0 kWh/m2year, 
while the average expected primary energy savings across all these ECOs, taking frequency of 
occurrence into account, falls to 13.8 kWh/m2year. 
Unlike the previous two families the most important ECO for individual savings remains the most 
important ECO when frequency of occurrence is considered. However, as this is about appointing an 
energy manager then it does not directly provide savings and many of these savings will come from 
O2.2 and other measures. 
4.3.3 ESTIMATED  AVERAGE  TOTAL  SAVINGS    
This section presents the likely average energy saving potentially available from the data obtained so 
far AND the likely energy savings from Inspection based on observations from the Case Studies and 
Field Trials. 
To allow an estimate to be derived for cumulative savings we have assumed that ECO O2.2 - Shut off 
A/C equipment when not needed - is applied before any other measure, and that any additional 
measures applied have only about 88% of their impact a result, as on average ECO O2.2 reduces the 
average 199 kWh/m2 primary energy use of the AC systems by 24 kWh/m2 or 12%. 
The estimated overall average primary energy saving possible in AC systems is therefore estimated to 
be about 79 kWh/m2 or about 40% of the average AC system energy use.  
As the average primary energy demands of the buildings in the HARMONAC Case Studies is 759.4 
kWh/m2 per year then this equates to a potential reduction in building energy use of 10.4% by 
implementation of the average savings found due to ECOs. 
In comparison, the next estimate presents the savings due to those ECOs that in the authors’ opinion 
are likely to be actually implemented as a result of AC inspection. These are derived from observations 
and discussions with system owners and experienced AC system professionals during the project. 
It is the authors’ view that little or none of the Plant or Envelope ECOs will be implemented as a direct 
result of an AC Inspection. Where these changes are made they would have been undertaken anyway as 
part of general housekeeping, upgrading and maintenance adopted by the organisation. 
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This leaves only the following O&M ECOs: O2.2 – O2.6, O3.1, O3.4, O3.16, O4.3, O4.14 and O4.19. 
The average saving available from these is about 29 kWh/m2 or about 15% of the average AC system 
energy use.  
Comparing this again to the average primary energy demand of the buildings in the HARMONAC 
Case Studies of 759.4 kWh/m2 per year then this equates to a potential reduction in building primary 
energy use of 3.8%. 
The conclusion is that on average around 62% of the potential energy savings possible in AC systems 
are unlikely be achieved, as they relate more to upgrading, maintenance and design of the equipment 
and building.  
This means that the importance of the energy efficiency of the cooling system would have needed to be 
known at these stages and Inspection is unlikely to provide enough hard evidence of sufficient 
monetary savings to facilitate these upgrades or even to lead to a more detailed, and costly, engineering 
appraisal. 
The final ECO that it is not possible to put an energy saving value on at present, as there is simply not 
enough data to do so, is the energy savings possible by installing the most energy efficient systems 
appropriate for the end use. However, a straightforward comparison of the electrical energy use in 
Offices across Europe, both in total and for AC alone (see section 4.4), suggests that substantial 
reductions of energy use should be possible through choice of more appropriate systems for the end use 
activity. 
Both the existing and recast EPBD ask for this saving to be provided by the Inspector but the energy 
performance of each different type of AC system is heavily linked to the end use activity served, the 
design of the cooling system and the controls. This makes it nearly impossible to provide useful general 
recommendations on choosing an appropriate system without a large and regularly updated body of 
data on the energy performance in use of AC systems serving specific end uses. With sufficient data 
the effect of building design and location might also be considered. 
As an interim measure, HARMONAC is able to provide the Inspector with useful tools which will 
allow generic estimates of potential savings to be achieved for the system and building under 
investigation. 
Overall, the savings estimated from Inspection are possibly a little generous - as they have assumed 
savings from a number of control issues that Inspection could not hope to uncover normally. However, 
offsetting this is the assumption that none of the Plant or Envelope ECOs would be implemented by an 
owner. The figures are therefore felt to be a reasonable estimate of the energy savings that it might be 
possible for the AC Inspection process to achieve in practice.  
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Before and after energy consumption in a 
UK-CS#10 Air Handling Unit once proper 
control had been imposed. 
Before and after energy consumption in 
VRF Units for heating in IT-CS#5 
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4.4 OVERALL  FINDINGS  FROM THE  CASE  STUDIES  
In terms of the overall findings from the Case Studies relative to the aims of the project, then the Case 
Studies were intended to help answer the following main points: 
1. Where is electrical energy used in AC systems? 
2. Are there obvious variations in this energy use around Europe? 
3. What potential reductions could be made in this energy use? 
The following major findings and observations emerge: 
Many of the Case Study systems showed that substantial 
reductions in energy consumption could be achieved 
simply by better control of the runtimes of the systems as 
a whole, or their components. The graph alongside shows 
the saving in electricity used for heating by a VRF 
system over two winter weeks in IT-CS#5. This was 
achieved by changing the operation of the HVAC plant in 
an old heavyweight historic building from 24/7 operation 
to 15/5. As expected the Monday consumption increases 
due to extra heating being required to overcome the 
thermal inertia of the cooled building on Monday 
morning, but overall the energy savings are 26.7%. 
The detailed monitoring in the Case Study systems 
regularly identified energy savings of over 50% in AC 
system components, and achievable AC system energy 
savings amounting to 10% of the total building electrical 
energy use were also identified during this project. The 
Carpet Plot alongside vividly illustrates a 45% saving for 
one of the main AHU’s in UK-CS#10. 
Many of the Case Study systems could achieve 
substantial improvements in efficiency (50% is certainly 
feasible) through upgrading even fairly recent Chillers to 
some of the newer generation of cooling equipment 
available. This is one of the major elements to be 
investigated by any Inspector. 
The pie chart alongside shows the breakdown of the 
average electrical power demands across all the Case 
Study buildings except the UK IT Suites. It can be seen 
that the AC system components account for about 28% 
of the overall average building energy use, with fans and 
chillers using about the same percentage of the overall 
building energy use (13% and 12% respectively) and 
pumps about 3%.  
The average installed electrical load of all the building 
services required to provide cooling (excluding IT suites) 
was around 50.9 W/m2. The following graph shows how 
this installed capacity is broken down between the 
Chillers, CHW Pumps, and Fans within each building. 
It shows that the installed electrical load capacities, as might be expected, are dominated by the 
Chillers, with Fans being the next largest installed capacity, and Pumps the smallest installed load. 
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The next graph shows the measured or estimated annual energy consumptions by these systems over 
their monitoring periods against their installed capacities. The average annual electricity consumption 
of these services was equivalent to 6.8 W/m2 (60.2 kWh/m2). The average power consumption was 
therefore around 13% of the Full Load Equivalent. 
 
The following two pie charts show how the Cooling services components break down in terms of 
installed loads and actual annual consumptions: 
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CS‐UK7: Medical Research with full VAV
CS‐GR4: Conference Building / An Air to water Heat Pump in conjuction with two AHUs
CS‐GR2: Health Club and Gym with Heat Pump and AHU
CS‐UK9: Library with VAV and RAC
CS‐UK4: School of Music with VAV and Dual Duct Systems
CS‐PT5: Cafeteria. Rooftop Unit and one boiler for DHW
CS‐UK10: Offices with CV, FCU's and Active Beams
CS‐GR5: University Building‐ Offices and classrooms/Packaged Unit
CS‐IT4: Office and laboratory building, electric chillers condensed by evaporative tower, AHU and …
CS‐SI5: Office Building
CS‐UK2: Offices with VAV, Multizone Reheats
CS‐FR1: Large lecture theatre with DX cooling  system (very intermittent use)
CS‐FR5: Offices/Meeting Room with FCU/AHU and Chiller
CS‐FR4: Offices with FCU and Chiller
CS‐IT3: Retirement house, electric chillers condensed by evaporative tower, AHU and fan coil system
CS‐SI1: Cultural Centre
CS‐BE6: Mid‐sized Office, All air system
CS‐UK1: Offices with VAV, Multizone Cool and Reheat
CS‐FR7: Offices with Reverse Cycle VRF
CS‐IT1: Office building, underground water chiller + absorption chiller serving fancoil units (no …
CS‐GR3: Supermarket with Packaged Chillers and AHU's
CS‐PT2: Library. Boilers and Chiller with AHUs and FCs. There is also a heat pump  for the auditorium
CS‐PT3: Museum. Boiler and chiller with AHU and radiators
CS‐GR1: Architectural Office with multiple  split and packaged units
CS‐BE7: Medium Office Building ‐ VAV
CS‐BE5: Medium CAV/FCU Laboratory Building
CS‐IT5: Public Office building, VRF system with AHUs
CS‐BE8: Office Building
CS‐BE1: Large VAV Adminstration Building
CS‐BE2: Large CAV/FCU with Ice Storage Administration Building
CS‐AT3: Office with CAV
CS‐PT4: Office Building. Boilers and Chiller with AHUs and FCs
CS‐SI4: Supermarket
CS‐SI3: Sports Arena and Sports Centre
CS‐AT4: Office with VAV
CS‐FR3: Office with FCU and Chiller
CS‐AT1: Office with 2 pipe fan coils
CS‐IT2: Office and laboratory building, surface water condensed  chiller + absorption chiller serving …
CS‐AT2: Office with heat pump  ‐ net zero energy building
CS‐SI2: Offices and Business Centre
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CS‐GR2: Health Club and Gym with Heat Pump and AHU
CS‐UK9: Library with VAV and RAC
CS‐UK4: School of Music with VAV and Dual Duct Systems
CS‐PT5: Cafeteria. Rooftop Unit and one boiler for DHW
CS‐UK10: Offices with CV, FCU's and Active Beams
CS‐GR5: University Building‐ Offices and classrooms/Packaged Unit
CS‐IT4: Office and laboratory building, electric chillers condensed by evaporative tower, …
CS‐SI5: Office Building
CS‐UK2: Offices with VAV, Multizone Reheats
CS‐FR1: Large lecture theatre with DX cooling  system (very intermittent use)
CS‐FR5: Offices/Meeting Room with FCU/AHU and Chiller
CS‐FR4: Offices with FCU and Chiller
CS‐IT3: Retirement house, electric chillers condensed by evaporative tower, AHU and fan …
CS‐SI1: Cultural Centre
CS‐BE6: Mid‐sized Office, All air system
CS‐UK1: Offices with VAV, Multizone Cool and Reheat
CS‐FR7: Offices with Reverse Cycle VRF
CS‐IT1: Office building, underground water chiller + absorption chiller serving fancoil units …
CS‐GR3: Supermarket with Packaged Chillers and AHU's
CS‐PT2: Library. Boilers and Chiller with AHUs and FCs. There is also a heat pump  for the …
CS‐PT3: Museum. Boiler and chiller with AHU and radiators
CS‐GR1: Architectural Office with multiple  split and packaged units
CS‐BE7: Medium Office Building ‐ VAV
CS‐BE5: Medium CAV/FCU Laboratory Building
CS‐IT5: Public Office building, VRF system with AHUs
CS‐BE8: Office Building
CS‐BE1: Large VAV Adminstration Building
CS‐BE2: Large CAV/FCU with Ice Storage Administration Building
CS‐AT3: Office with CAV
CS‐PT4: Office Building. Boilers and Chiller with AHUs and FCs
CS‐SI4: Supermarket
CS‐SI3: Sports Arena and Sports Centre
CS‐AT4: Office with VAV
CS‐FR3: Office with FCU and Chiller
CS‐AT1: Office with 2 pipe fan coils
CS‐IT2: Office and laboratory building, surface water condensed chiller + absorption chiller …
CS‐AT2: Office with heat pump  ‐ net zero energy building
CS‐SI2: Offices and Business Centre
W/m2
Total installed capacities and average annual power use for all HARMONAC Case Study cooling systems ‐ except UK Computing 
Suites
Cooling average power use W/m2
Cooling installed load W/m2
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The pie charts reveal that while the Chillers comprise 75% of the installed capacity they consume just 
46% of the cooling system energy use. The next highest consumer is the Fans with 43% of the energy 
consumption from 18% of the installed load, with the final major consumer being the CHW pumps 
with 11% of the annual cooling system electrical energy consumption from 7% of the installed 
capacity. 
While individual systems may vary in this breakdown – especially those with no mechanical 
ventilation – it is clear that generally the distribution components of the cooling system are as 
important to the overall energy use as the Chillers themselves. It is also important to note that for 
packaged systems, where the pumps may be part of the package, then the pump energy use is included 
within the Chillers energy use. Therefore the distribution side of the cooling systems is likely to be 
even more important to overall energy use than the data suggests.  
A previous study on 32 AC systems in the UKxxxiixxxi reached a similar conclusion showing a general 
40:60 end use of energy split between Chillers and Balance of Plant respectively. In light of the data 
collected from this study it appears that the annual energy consumption split of an average European 
AC system can be considered as 45:55 Chillers:Balance of Plant. 
From the point of view of Inspection therefore it seems clear that any Inspection process trying to 
reduce energy consumption must consider all these elements not just the Chillers. For the CHW Pumps 
in particular, their control is important to the operation of the Chillers as well as their own energy 
consumption. The 24-hour operation of CHW pumps has been shown in the Case Studies to cause 
significant unnecessary out-of-hours Chiller energy consumption. 
The next graph considers the installed and actual average power per m2 for all the Office Case Studies 
across Europe in an effort to see if there is any clear indication of geographical location having an 
influence on energy use: 
It is seen that there appears to be no correlation between geographic/climatic location, installed power 
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and actual power consumption. This indicates that currently cooling energy use is being mainly 
dictated by internal activities, building design and the design/operation of the cooling system - 
wherever the system is located in Europe. 
For the smaller AC systems the UK Field Trials discussed in section 6.7.4 suggest average energy 
savings around 35% are achievable, which compares closely with the 40% savings found from the rest 
of the Case studies and Field trials from around Europe. 
Returning to the questions posed at the start of this section: 
1. Where is electrical energy used in AC systems? 
Answer: It seems clear that despite the Chillers having the largest installed electrical capacity, that the 
Balance of Plant consumes the bulk of the energy. An average split of the total annual electrical energy 
use in the ratio 45:55 for Chillers:Balance of Plant seems reasonable. 
2. Are there obvious variations in this energy use around Europe? 
Answer: This study revealed no obvious Climatic Variations in either area normalised installed cooling 
loads or normalised actual average power consumption, when just Offices were considered. It appears 
that internal activities and system design/ control still dominate the energy consumed by the AC 
systems. This is clearly revealed in the two UK London Offices, with almost identical use and energy 
consumptions being achieved despite one being designed with low energy systems and the other being 
over 20 years old, albeit with some recent refurbishment and control work undertaken on its HVAC 
systems. 
3. What potential reductions could be made in this energy use? 
Answer: It appears that realistically savings of around 40% can made in overall AC system primary 
energy use and about 10% of building primary energy use if the majority of ECOs were identified and 
implemented. In practice the authors believe that only 15% savings in AC system primary energy use 
(3.8% of building energy use) are likely to be achieved through the Inspection process. 
The overriding conclusion is that much of the energy efficiency characteristics of an AC system are 
‘locked in’ at design and installation stage. After this stage it is primarily O&M ECOs that are likely to 
be found by an Inspection and acted upon by an owner.  
This conclusion brings into focus the lack of comparative energy performance data for different 
cooling approaches to the same end use. If this data were available then owners/designers/installers 
would be able to specify more efficient initial installations and be able to work out a cost:benefit to 
doing so. Just as importantly, this information would also provide a clear platform for energy efficient 
systems and solutions to be able to ‘prove’ themselves thus enabling the market to start to value these 
more efficient solutions. 
This should then unlock a robust improvement in HVAC system energy efficiency that would at the 
very least allow the missing 7% of building primary energy use savings to be obtained, and in practice 
could achieve much higher savings still as the impact on heating energy savings has not been dealt with 
in detail in this study. 
4.5 IMPACT  OF  ESTIMATED  ENERGY  SAVINGS  ON  EUROPEAN  ENERGY  USE  
The size of the HARMONAC Project does not allow for the generation of statistically robust data on 
the likely impact of Inspection on the energy consumption in AC Systems across Europe. There are 
several reasons for this: 
• ECOs were calculated individually and not on a cumulative basis for each building, 
• It was not possible to obtain the value of the energy savings from all the ECOs identified,  
• The number of samples per ECO was sometimes low, 
• A lack of inspected and monitored buildings and AC systems from Northern Europe (Cold 
climates). The Project examples are from the UK, Belgium, Austria, Slovenia, France, Italy, 
Greece and Portugal. 
The total sample of inspected and monitored buildings and AC systems is therefore considered 
insufficient for a confident extrapolation of the results for the whole of Europe. 
However, it is considered interesting to assess what the findings from the Case Studies and Field Trials 
might mean if they did prove to be representative of the wider European AC system stock. The overall 
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findings presented here should therefore be considered in the light of these limitations. 
In the previous sections we have obtained ranges of potential and likely energy savings to be achieved 
from the Inspection of AC systems. 
The estimated potential savings to be achieved in the AC systems primary energy use were 40% or 79 
kWh/m2 pa. Since the average primary energy consumption for all the HARMONAC case studies was 
759.4 kWh/m2 pa, including the average heating consumption, the average savings are expected to be 
10.4% of the HARMONAC buildings energy use.  
We now assume this is true for all air-conditioned European non-domestic buildings, i.e. service 
buildings. Statistical data from Europe for 2004 noted that the Services sector (where non-residential 
buildings are included) totals around 5,929 Million m2, which represents 29% of the total building 
stock areai of 20,448 Million m2.  
 
 
Of this 5,929 Mm2 approximately 1,829 Mm2 will be air conditioned in one form or another according 
to AUDITAC. If we take the UK Energy Consumption Guide 19ii as being a reasonable guide to energy 
consumption in various Office types then air-conditioned offices typically consume 2.82 times as much 
primary energy per m2 as naturally ventilated offices. 
Therefore we can conclude that air conditioned offices are responsible for 56% of the Primary Energy 
use in this sector. The non-residential building sector is responsible for 12% of the total primary energy 
used in the EU-27iii, i.e. this building sector represents 137.89 MTOE.  So in total HARMONAC is 
addressing the 76.89 MTOE consumed by the AC part of this sector. 
If the findings from HARMONAC were to be achieved in all service buildings it would be possible to 
save 10.4% of this figure, which would save around 8.00 MTOE.  
In global numbers, this means that 93.04 TWh of primary energy would be saved and the equivalent of 
18.31 Mtonnes of CO2 emissions would be avoided if the Inspection procedures were able to find and 
get implemented all the ECOs potentially available.  
HARMONAC expects the AC inspection process, as currently implemented, to achieve only around 
37.5% of the potential savings identified. We therefore expect 3.00 MTOE (34.89 TWh or 6.87 
Mtonnes of CO2 emissions) to be saved if AC Inspection is fully implemented throughout Europe in its 
current form. 
In terms of global savings AC system energy savings in the services sector can therefore potentially 
contribute a saving of around 0.7% of the total primary energy use in all European MS, but is more 
likely to achieve savings of around 0.26%.  
In conclusion, the HARMONAC findings reveal the potential for energy saving in AC systems that can 
take place by achieving all the likely ECOs to exist. The project also shows the savings likely to be 
achieved by applying the existing AC inspection methodology across all European Member States. 
It has already been noted that this extrapolation of the Project results is not possible to do with great 
confidence but it is considered useful to have these figures available, so that they can be used as part of 
the debate as European Member States to meet their target of 20% energy reductions in energy use by 
2020.  
European Building Stocki
IEE HARMONAC Final Project Report - October 2010 
Page | 36  
4.6 RECOMMENDATIONS   FOR   IMPROVEMENTS   TO   THE   DESIGN   AND   INSTALLATION  
OF  AC  SYSTEMS  
The overall conclusions derived from the project lead to the following observations about how the 
design and installation of AC systems might be amended to help in the quest for improved energy 
efficiency: 
• All systems and components (fans, pumps, etc) should record and store their energy 
consumption at 15 minute intervals with a storage capacity of at least 1 year before 
overwriting the oldest data. 
• Chillers/Heat Pumps should also record and store for at least 1 year the concurrent amount of 
cooling and/or heating provided 
• Fans and pumps should also record and store for at least 1 year the concurrent pressure drops 
across them 
• Condensors and evaporators should also record and store for at least 1 year the concurrent 
cooling and/or heating provided to enable overall system efficiencies to be assessed – 
especially for larger systems. 
• The installation of AC systems should be clearly related to end needs, and in the case of 
speculative buildings the installed cooling capacity should assume average occupancy, not 
peak occupancies, but allow room for additional equipment should higher than average 
cooling demands be produced by the occupancy. It appears commonplace that for high 
occupancy buildings the tenants install additional specialised cooling systems anyway. 
• Chillers and ancillaries should generally be arranged to be turned OFF when one chiller is 
capable of meeting the demand of the building rather than have multiple chillers all operating 
at very low loads. Ideally this control should be automatic, based on the imposed loads on the 
Chillers and also consider the energy efficiency characteristics of the Chillers involved. 
• In cooler climates ‘free’ cooling should be carefully assessed to check its energy benefits as an 
alternative to operating the chillers at some parts of the year. 
• Design and Installation of AC systems for the newer generation of ‘low and zero energy’ 
buildings requires a clear understanding of the role that ‘internal gains’ play in the loads 
imposed on the heating and cooling systems, and innovative ways of designing AC systems to 
cope with the potentially larger and more rapid swings in heating and cooling demands are 
required.  
• Minimising STANDBY consumptions will be a crucial element in achieving overall energy 
efficiency in the new HVAC systems. 
• Distribution systems will have a much greater role in overall energy efficiency in low energy 
buildings so their design should be very carefully considered.  
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5 FIELD  TRIALS  OF  THE  HARMONAC AC  SYSTEM  INSPECTION  PROCEDURES  
One of the key strands of HARMONAC was to establish: 
• What energy savings are realistically possible to achieve through the Inspection of AC 
Systems in real buildings 
• The time taken to complete each element of an Inspection 
• The Energy Conservation Opportunities (ECOs) identified from each element of an Inspection 
• The general obstacles and challenges faced to undertake an effective AC system Inspection 
HARMONAC chose to gather a lot of this information through undertaking Field Trials of derivations 
of the current CEN Standard EN15240 for AC System Inspections. These HARMONAC Inspection 
Procedures have evolved slightly over the course of the project but the final findings can be directly 
related back to the original CEN Standard. 
Of the 3 variations of the HARMONAC Procedures presented in this project it was always the full 
procedure that was applied across all the Field Trials undertaken. 
The rationale behind the final versions of the HARMONAC Inspection procedures is discussed in an 
earlier section of this report. 
Around 400 Field Trials were undertaken of the HARMONAC Inspection Procedures in the Partner 
Member States. 
The Field Trials and Case Studies are complementary, as without the Case Studies we would not have 
the detailed information needed to understand how AC systems generally consume energy, and 
therefore the additional ECOs that may be present in reality that the Inspection procedures are not 
finding – along with the relative importance of these ‘missed’ ECOs in the overall energy use of AC 
systems. The Field Trials are crucial, however, to assessing the realities of the practical implementation 
of Inspection procedures on real systems, and which ECOs are likely to be found, and which are likely 
to be missed. 
5.1 THE  FIELD  TRIALS  
The number of Field Trials undertaken by HARMONAC are summarised below by country. The full 
list of Field Trials undertaken can be found in Appendix 2: Case Studies and Field Trials.  
The full reports for each Field Trial are contained in Appendices 2a to 2i, and each Country also 
provides an overview of their Field Trials in sections 6.1 to 6.8.  
Country Number of Field Trials 
Austria 12 
Belgium 20 
France 20 
Greece 20 
Italy 14 
Portugal 18 
Slovenia 20 
UK 270 
In total 394 Field Trials were carried out in the HARMONAC project. Each partner was responsible for 
conducting 20 Field Trials of the FULL Methodology on real AC systems in their country. In addition 
a larger sample of 270 Field Trials was undertaken by MacWhirter for the UK in order to obtain a 
statistically meaningful study to assess the time taken for a Case Study and to provide an in-depth study 
of each AC system during part of routine maintenance – thus allowing greater insight into what ECOs 
would and wouldn’t be identified by the Inspection process. 
The next pie chart shows the percentage distribution of the different building sectors covered by the 
Field Trials excluding MacWhirter. The two typologies most frequently detected were Offices/Services 
and Educational typologies, with the Offices/Services typology being found in more than 50% of the 
FTs.  
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As has been noted in section 4.3 already, ECO O2.2 is a particularly important ECO as it is the one 
ECO we would expect almost all AC systems to be able to implement if appropriate. It also has an effe-
ct on the energy savings likely to be obtained from the other ECOs as it will reduce the runhours of the 
systems. 
It is clear that the majority of the detected ECOs with a percentage of occurrences above 15% belong to 
the Operation and Maintenance ECOs family. This means that there is a big potential for energy 
savings in the operation and the maintenance fields in HVAC systems.  
5.2 TIME  TAKEN  FOR  AN   INSPECTION  FIELD  TRIAL  
5.2.1 PRE‐INSPECTION  ITEMS  
The graph alongside shows that the average 
time taken during Field Trials to complete the 
HARMONAC Pre-Inspection items for all AC  
systems can be predicted reasonably well by 
knowledge of the floor area served by the 
system.  
The equation that describes the average time 
taken to pre-inspect an AC system is: 
 
ݐ݅݉݁ ሺݏ݁ܿݏሻ ൌ 4255.3 ൈ ݂݈݋݋ݎ ܽݎ݁ܽି଴.଼ଶ଻ 
 
The following table is ordered by time taken for 
each pre-inspection item as found from the field trials – with the average time taken being around 6 
hours.  It can be seen that an indication of the range of savings found from ECOs associated with each 
item has also been added. The nature of inspection is that each system is slightly different, so while 
there are common items and ECOs that can be noted, this table should be used as guidance only to the 
time taken and size of potential savings. The savings refer to the area served by the AC system or the 
energy consumed by the AC system. 
Generally the pre-inspection data applies more to the larger centralised systems than the smaller 
packaged units, as the records for the smaller packaged units were normally unavailable. 
Inspection 
Item 
Short Description Average time 
(mins) 
Associated ECOs 
savings 
PI1 Location and number of AC zones 20.7 - 
PI2 Documentation per zone 24.1 - 
PI3 Images of zones/building 20.2 - 
PI4 General zone data/zone 23.9 2 to 11%; 
3 to 20 kWh/m2 
PI5 Construction details/zone 21.8 1 to 25%;  
1 to 44 kWh/m2 
PI6 Building mass/air tightness per zone 10.4 5 to 27%;  
7 to 78 kWh/m2 
PI7 Occupancy schedules per zone 8.4 1 %;  
2 kWh/m2 
PI8 Monthly schedule exceptions per zone 7.7 1 %;  
2 kWh/m2 
PI9 HVAC system description and operating 
setpoints per zone 
15.9 2 to 55 %; 
4 to 72 kWh/m2 
PI10 Original design conditions per zone 11.5 2 kWh/m2 
PI11 Current design loads per zone 28.0 4 to 59%; 
6 to 78 kWh/m2 
PI12 Power/energy information per zone 10.8 1 to 3 kWh/m2
PI13 Source of heating supplying each zone 8.3 - 
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Inspection 
Item 
Short Description Average time 
(mins) 
Associated ECOs 
savings 
PI14 Heating storage and control for each zone 6.8 6 to 21%; 
11 to 27 kWh/m2 
PI15 Refrigeration equipment for each zone 19.5 1 to 12 kWh/m2
PI16 AHU for each zone 17.1 1 to 9 kWh/m2 
PI17 Cooling distribution fluid details per zone 7.2 N/K 
PI18 Cooling terminal units details in each zone 12.8 6 to 55 %; 
11 to 72 kWh/m2 
PI19 Energy supply to the system 4.8 N/K 
PI20 Energy supply to the building 3.4 N/K 
PI21 Annual energy consumption of the system 35.9 N/K 
PI22 Annual energy consumption of the building 34.3 - 
 TOTAL AVERAGE TIME TAKEN 
(minutes)
353  
It is clear from this table that nearly all the pre-inspection items potentially lead to ECOs of varying 
degrees of importance in terms of overall energy savings.  
The HARMONAC Preferred and Short Inspection Methodologies take the additional understanding 
that the HARMONAC Partners have of the data behind these numbers and prioritise the importance of 
the inspection items according to their understanding. 
5.2.2 CENTRALISED  SYSTEMS  INSPECTION   ITEMS  
The graph alongside shows that the average 
time taken during Field Trials to complete the 
HARMONAC Inspection items for 
Centralised systems can again be predicted 
reasonably well by knowledge of the floor 
area served by the system.  
The equation that describes the average time 
taken to inspect a centralised AC system is: 
 
ݐ݅݉݁ ሺݏ݁ܿݏሻ ൌ 20242 ൈ ݂݈݋݋ݎ ܽݎ݁ܽି଴.ଽଵଵ 
 
Calculating the time taken over a range of 
floor areas we find that the Centralised System Inspection section takes about 3 times longer than Pre-
inspection for small floor areas, and about 2 times longer for larger floor areas. This should be added to 
the Pre-inspection time to obtain the full time needed to undertake the complete Inspection, including 
writing the report. The range of times taken in total ranged from 1.5 to 3 days for centralised systems. 
The following table is ordered by Centralised system inspection item. In order to allow comparison 
with the HARMONAC Methodologies, which have compressed these items into 9 categories, yet still 
allow the detail to be seen, this table labels the inspection items by HARMONAC category, i.e. C1, C2 
into which they fall. 
The average savings reported are then given by range per HARMONAC compressed inspection item, 
as it was not possible to obtain sufficient information from the Studies to give meaningful ranges per 
individual inspection item shown in the table.  
The nature of inspection is that each system is slightly different, so while there are common items and 
ECOs that can be noted, this table should be used as guidance only to the time taken and size of 
potential savings. The savings refer to the area served by the AC system or the energy consumed by the 
AC system. 
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Inspection 
Item 
Short Description Average 
time 
(mins) 
Associated ECOs 
savings 
C1a Details of installed refrigeration plant 28.8  
C1b Description of system control zones, with schematic drawings. 29.8  
C1c Description of method of control of temperature. 9.1  
C1d Description of method of control of periods of operation. 7.1  
C1e Floor plans, and schematics of air conditioning systems. 40.7  
C1f Reports from earlier AC inspections and EPC’s 2.5  
C1g Records of maintenance operations on refrigeration systems 8.5  
C1h Records of maintenance operations on air delivery systems. 5.7  
C1i Records of maintenance operations on control systems and 
sensors 
4.1  
C1j Records of sub-metered AC plant use or energy consumption. 9.2  
C1k Commissioning results where relevant 1.3  
C1l An estimate of the design cooling load for each system 29.7  
C1m Records of issues or complaints concerning indoor comfort 
conditions 
5.4  
C1n Use of BMS 9.0  
C1o Monitoring to continually observe performance of AC systems 10.2  
C1p Locate relevant plant and compare details 46.8  
C1q Locate supply the A/C system and install VA logger(s) 81.0  
C1r Review current inspection and maintenance regime 11.2  
C1s Compare system size with imposed cooling loads 20.8  
C1t Estimate Specific Fan Power of relevant air movement 
systems 
14.9  
C1u Compare AC usage with expected hours or energy use 16.0  
 Average total time taken for section C1 391.6 4 to 55%; 
4 to 72 kWh/m2
C2a Locate refrigeration plant and check operation 14.8  
C2b Visual appearance of refrigeration plant and immediate area 4.4  
C2c Check refrigeration plant is capable of providing cooling 11.0  
C2d Check type, rating and operation of distribution fans and 
pumps 
15.3  
 Average total time taken for section C2 45.4 0 to 55%;  
0 to 72 kWh/m2
C3a Visually check condition/operation of outdoor heat rejection 
units 
7.9  
C3b Check for obstructions through heat rejection heat exchangers 6.0  
C3c Check for signs of refrigerant leakage 4.1  
C3d Check for the correct rotation of fans 10.4  
 Average total time taken for section C3 28.5 7.7% 
C4a Visually check the condition and operation of indoor units 26.4  
C4b Check air inlets and outlets for obstruction 15.0  
C4c Check for obstructions to airflow through the heat exchangers 12.7  
C4d Check condition of intake air filters. 13.5  
C4e Check for signs of refrigerant leakage. 9.8  
C4f Check for the correct rotation of fans 16.5  
 Average total time taken for section C4 93.8 24.9%; 1.5 
kWh/m2 
C5a Review air delivery and extract routes from spaces 18.6  
C5b Review any occupant complaints 8.0  
C5c Assess air supply openings in relation to extract openings. 29.1  
C5d Assess the controllability of a sample number of terminal units 28.8  
 Average total time taken for section C5 84.5 N/K 
C6a Check filter changing or cleaning frequency. 6.8  
C6b Assess the current state of cleanliness or blockage of filters. 22.8  
C6c Note the condition of filter differential pressure gauge. 18.3  
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Inspection 
Item 
Short Description Average 
time 
(mins) 
Associated ECOs 
savings 
C6d Assess the fit and sealing of filters and housings. 25.4  
C6e Examine heat exchangers for damage or significant blockage 52.8  
C6f Examine refrigeration heat exchangers for signs of leakage 52.9  
C6g Note fan type and method of air speed control 10.4  
 Average total time taken for section C6 189.4 24.9%; 1.5 
kWh/m2 
C7a Check for obstructions to inlet grilles, screens and pre-filters. 5.7  
C7b Check location of inlets for proximity to sources of heat 6.7  
 Average total time taken for section C7 12.3 N/K 
C8a Assess zoning in relation to internal gain and solar radiation. 15.3  
C8b Note current time on controllers against the actual time 3.5  
C8c Note the set on and off periods 6.3  
C8d Identify zone heating and cooling temperature control sensors 9.5  
C8e Note zone set temperatures relative to the activities and 
occupancy 
11.4  
C8f Check control basis to avoid simultaneous heating and cooling 3.3  
C8g Assess the refrigeration compressor(s) and capacity control 16.5  
C8h Assess control of air flow rate through air supply and exhaust 
ducts 
14.2  
C8i Assess control of ancillary system components e.g. pumps and 
fans 
13.3  
C8j Assess how reheat is achieved, particularly in the morning 3.6  
C8k Check actual control basis of system 11.5  
 Average total time taken for section C8 108.4 10 to 55%;  
13 to 72 kWh/m2
 TOTAL (minutes) 954  
The table clearly shows the range of savings associated with most of the sections is very large, and not 
particularly helpful when trying to make a decision about which elements are more important than 
others in identifying ECOs. This is because it was not possible to disaggregate the savings any further 
from those shown here with any certainty. What can be noted is that from more detailed knowledge of 
the data underpinning these numbers: 
For section C1 the major savings arose from comparing monitored energy use with expected hours of 
use, and indirectly from monitoring the energy use of the system during the inspection for smaller 
single split chillers where cooling input/output was then directly compared against ratings. 
For section C2 the major savings were obtained from identifying hours of operation of distribution fans 
and pumps against expected use 
For section C3 the savings arose from cleaning outdoor unit heat exchanger matrices 
For section C4 the saving were primarily from cleaning filters for the indoor units and the reduction in 
chiller run times and fan power arising from this action. 
For section C5 no ECOs were measured, modelled or estimated that could provide savings examples 
for these items. This is not to say there were no benefits from undertaking these items at inspection. 
For section C6 the saving were again primarily from cleaning filters for the indoor units and the 
reduction in chiller run times and fan power arising from this action. Both C4 and C6 savings were 
assumed the same whether the filters were in air handling ducts or located at indoor units as the data 
was derived from both situations. 
For section C7 no examples were present in this study, as for C5 
For section C8 these savings are related to C1 in many aspects as they relate and are compared to the 
Operation and Maintenance of the existing systems primarily. There is therefore some overlap in the 
savings claimed.  
Sections C1 and C8 are believed by the HARMONAC Partners to be the most fruitful area for 
achieving energy savings in existing systems, along with air filter cleaning. 
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5.2.3 PACKAGED  SYSTEMS  INSPECTION   ITEMS  
The graph alongside shows that the average 
time taken during Field Trials to complete the 
HARMONAC Inspection items for Packaged 
systems can again be predicted reasonably 
well by knowledge of the floor area served by 
the system.  
The equation that describes the average time 
taken to inspect a centralised AC system from 
across Europe (excluding the UK) is: 
 
ݐ݅݉݁ ሺݏ݁ܿݏሻ ൌ 22273 ൈ ݂݈݋݋ݎ ܽݎ݁ܽିଵ.଴଴ଶ 
 
The near unity power of the floor area term 
means that essentially floor area served does not seem to play a part in the time taken to complete the 
physical inspection part of the European Packaged systems surveyed with time taken being 6.1 hours. 
This should be added to the Pre-inspection time to obtain the full time needed to undertake the 
complete Inspection, including writing the report. The times taken in total ranged from 1 to 2 days. 
If we compare this data with the larger UK Field Trials on Packaged/Split systems discussed in section 
6.7.5 we see that the UK Field Trials took around 1 day to complete on average, including the report 
which took around 2.5 hours. The UK Field Trials were generally undertaken on more compact 
systems and the larger number of systems meant the Inspectors became more familiar with the 
inspection procedure as time went on meaning they became more productive and needed less time. 
The figures therefore seem in line with each other and it would seem that 1 – 2 days is a reasonable 
time to allow for a Packaged system inspection. 
The following table is ordered by Packaged system inspection item. In order to allow comparison with 
the HARMONAC Methodologies, which have compressed these items into 4 categories, yet still allow 
the detail to be seen, this table labels the inspection items by HARMONAC category, i.e. P1, P2 into 
which they fall. 
The average savings reported are then given by range per HARMONAC compressed inspection item, 
as it was not possible to obtain sufficient information from the Studies to give meaningful ranges per 
individual inspection item shown in the table.  
The nature of inspection is that each system is slightly different, so while there are common items and 
ECOs, this table should be used as guidance only to the time taken and size of potential savings. The 
savings refer to the area served by the AC system or the energy consumed by the AC system. 
Inspection 
Item 
Short Description Average 
time (mins) 
Associated 
ECOs savings
P1a List of installed refrigeration plant 23.3  
P1b Description of the occupation of the cooled spaces 6.1  
P1c Review available documentation from pre-inspection 5.0  
P1d Reports from earlier AC inspections and EPC’s 3.4  
P1e Records of maintenance operations 2.4  
P1f Records of maintenance (control systems and sensors) 3.0  
P1g Records of sub-metered air conditioning plant (use or energy) 0.1  
P1h Design cooling load for each system 14.1  
P1i Review current inspection and maintenance regime 4.5  
 Average total time taken for section P1 61.9 Up to 55% 
P2a Locate the plant and compare details with pre-inspection data 5.1  
P2b Locate supply to the A/C system and install VA logger(s) 10.8  
P2c Compare size with imposed cooling loads 12.1  
P2d Compare records of use or sub-metered energy with 
expectations 
12.8  
 Average total time taken for section P2 40.8 N/K 
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P3a Locate outdoor plant 5.1  
P3b Check for signs of refrigerant leakage. 5.1  
P3c Check plant is capable of providing cooling 8.4  
P3d Check external heat exchangers 5.4  
P3e Check location of outdoor unit 3.9  
 Average total time taken for section P3 27.9 7.7 – 29.4% 
P4a Assess zoning in relation to internal gain and orientation 8.3  
P4b Method of control of periods of operation 4.9  
P4c Check indicated weekday and time on controllers against actual 5.8  
P4d Note the set on and off periods 4.6  
P4e Method of control of temperature. 7.3  
P4f Identify zone heating and cooling temperature control sensors. 5.9  
P4g Note set temperatures in relation to the activities and occupancy 7.6  
P4h Provision of controls or guidance on use while windows open 1.1  
P4i Type, age and method of capacity control of the equipment 9.6  
P4j Write report 117.9  
 Average total time taken for section P4 173.0 8.4 – 30.0% 
 TOTAL AVERAGE TIME TAKEN 303.6  
The table clearly shows the range of savings associated with most of the sections is quite large, and 
again not particularly helpful when trying to make a decision about which elements are more important 
than others in identifying ECOs. This is because it was not possible to disaggregate the savings any 
further from those shown here with any certainty. What can be noted is that from more detailed 
knowledge of the data underpinning these numbers: 
For section P1 the major savings arose from comparing monitored energy use with expected hours of 
use. These are manifested in P4 under time control. 
For section P2 the major savings were obtained from monitoring the energy use of the system during 
the inspection for smaller single split chillers where cooling input/output was then directly compared 
against the system rating to identify operational problems. 
For section P3 the savings arose primarily from cleaning outdoor unit heat exchanger matrices and 
from cleaning filters for the indoor units, and the subsequent reduction in chiller run times and fan 
power arising from these actions. 
For section P4 the savings are related to P1 in many aspects as they relate and are compared to the 
Operation and Maintenance of the existing systems primarily. There is therefore some overlap in the 
savings claimed.  
For packaged systems, as with centralised systems, the operation and maintenance aspects are likely to 
be the most productive in terms of producing savings. The main ECOs are expected to come from 
turning off the system when not required and more frequent filter cleaning. 
5.3 OVERALL  FINDINGS  FROM THE  FIELD  TRIALS  
The main conclusions from the Field Trials are: 
Time taken 
• An inspection will take from around a day for a small packaged system to around 3 days for 
the largest centralised systems. These times include writing the report. They assume that the 
owner/operator of the AC system had most of the background information required to 
complete the Inspection available for the Inspector. This provision of information by the 
owner NEVER happened during these Field Trials – even brand new buildings rarely had the 
full information on the energy characteristics of the HVAC components, or even who 
manufactured the components. The timings provided here are therefore more indicative of the 
time taken for Inspections subsequent to the first one. 
• Currently most pre-inspection data is not found in one place and the owner prefers to try and 
deal with everything ‘on the day’ – which can again add significant time and cost to an 
inspection. 
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• It was clear that the first inspections – which all these were – suffered greatly from a lack of 
data about the systems and buildings which they served. This meant that far more time than 
anticipated was spent trying to complete information about the systems inspected, leading to a 
far less thorough Inspection than intended as much of the information about efficiencies, 
loads, energy use, etc was not capable of being provided. 
• Bearing in mind the previous statements, the project shows that there is generally a good 
correlation between floor area and time taken to complete an inspection with the current 
inspection items. 
Main ECOs found 
• The main ECOs identified from the Field Trials essentially covered Operation and 
Maintenance (O&M) aspects, along with the possibility of installing more efficient equipment, 
as these were the easiest to identify. Assessing the value of these ECOs was either impossible 
for the system inspected, or more complicated than current Inspection guidance envisages as 
they required some invasive procedures to measure energy use and to check effect of cleaning 
filters. 
• The three most frequently occurring Energy Conservation Opportunities (ECOs) with good 
energy saving potential found during the UK Field Trials of the HARMONAC Inspection 
Procedures were: 
o ECO O2.2: Shut off A/C equipment when not needed – occurred 55.9% of time 
with an estimated average 30% energy saving potential, leading to an average 
saving over all UK FT’s of 16.8%. 
o ECO O4.14: Clean or replace filters regularly – occurred 57.4% of time with a 
measured average 24.9% energy saving potential, leading to an average saving over 
all UK FT’s of 14.3% 
o ECO O2.4: Maintain proper system control set points – occurred 39.2% of time 
with a calculated average energy saving potential of 8.44%, leading to an average 
saving over all UK FT’s of 3.7%. 
Potential energy savings from smaller AC systems are therefore very significant, with the UK 
Field Trials suggesting an average of around 60% should be achievable when all opportunities 
are included. See the later UK Field Trials section for details of all savings found, and their 
frequency. 
• For the smaller split systems dealt with in the UK Field Trials it is relatively straightforward 
to identify the lack of a timeclock to prevent 24 hours operation. This is the major saving 
likely to be made in this type of system, along with keeping the filters clean. The problem lies 
in persuading the owners to invest in timeclocks, and use them once they have, without having 
the energy consumption profiles to verify the likely savings to be made. 
HARMONAC tools 
• As a result of the substantial number of Field Trials undertaken by MacWhirter, the UK AC 
system maintenance company Partner in HARMONAC, HARMONAC has produced a field 
trialled Tool that can be used in addition to normal maintenance and inspection procedures. 
The tool enables the Inspector, in conjunction with the system owner/operator, to obtain an 
instantaneous estimation of the EER of the simpler split systems using very simple and cheap 
instrumentation. 
• This is an important step forward as it enables the Inspector to check the actual EER being 
obtained during the survey, therefore allowing comparison of measured performance and 
efficiencies with manufacturers’ data whilst on-site. This will alert the Inspector to problems 
in operation or maintenance which can then be checked without requiring a further visit. 
• The other tools produced by HARMONAC, “Bill analyser”, “SimBench”, “SimAudit”, “AC-
Cost” and “CAT/CAT2” are useful to the Inspector both ‘on-site’ and ‘off-site’ for producing 
the general advisory reports required. 
• Explicitly linking potential ECOs and Teaching Package elements with an inspection item in 
the inspection procedure was useful during the inspection 
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Limitations to the Inspection process 
• From the Case Studies the Partners were aware that there were potentially many more O&M 
ECOs, along with Plant and Envelope ECOs, but it was impossible to find these with the time 
and resources available over a short time span Inspection. Most important was the fact that 
even though the Full inspection procedures offered valuable guidance on what to look for on 
an Inspection, the reality is that the time required to undertake all aspects of the procedures in 
detail is prohibitive. 
• HARMONAC therefore concludes that current AC Inspection procedures positively identify 
only a small percentage of the potential savings found in many of the larger Case Study AC 
systems. The analysis of the findings from the Case Studies and Field Trials, section 4.3.3, 
suggests that only around 37% of the energy savings will be achievable in practice on average. 
• The Case Studies revealed that many of the most significant, easiest and cheapest ECOs to 
implement are ECOs related to the operation and control of the AC system, but often the 
faults related to these issues cannot be found in the larger systems without currently scarce 
detailed monitoring data to show their existence. This information is rarely available during an 
Inspection. 
• The ECOs that are not generally identifiable by Inspection are those that occur in time e.g. 
poor control of the system operation in various parts of the year or day. There is also difficulty 
in establishing whether the integrated control of heating, cooling and ventilation systems is 
achieving the minimum energy consumption possible. Many significant Energy Conservation 
Opportunities (ECOs) were therefore not possible to find without long-term monitored data 
specific to the AC system components. 
• There is a lot of anecdotal evidence that the difficulties in completing an AC Inspection in 
practice  due to a lack of time and a general lack of maintained data on the systems by the 
owners, are leading to AC inspections being treated as a simple compliance exercise by both 
owners and inspectors i.e. using the inspection process as an opportunity to improve the real 
energy performance of the systems inspected is rarely happening. 
• The AC system operator appears to have little incentive for running a system efficiently – they 
are still required to have an Inspection – so the onus for achieving energy efficiency lies with 
the Inspector, who is the person with the least influence on energy consumption in practice. 
Inspections may therefore struggle to produce long-term reductions in energy consumption 
without an incentive for the owner/operator to engage in maintaining good operation and 
records of the system. 
• Observations based on real consumption data for the system inspected appear to be the best 
tool to persuade the owner of the need for action. 
• There are no clear indicators of good/bad performance in AC systems, therefore nothing 
against which an Inspector or Owner can compare an AC system and provide advice specific 
for that system. Therefore the market is providing very low cost Inspections by the less 
reputable Inspectors, which in turn is preventing the better quality Inspection from occurring. 
• There are no clear penalties for not having an Inspection as the lack of Inspectors (no profit 
equals no interest) means it is not reasonable to expect everyone to have been inspected. 
Therefore the legislation is being ignored in many cases. 
• In addition it became clear during the project that in many cases it is impossible to separate 
out the air conditioning services from the ventilation services leading to the conclusion that 
these services should, whenever relevant, be considered together when inspecting the 
efficiency of an air conditioning system. 
Overall conclusions to the Field Trials 
To prevent Inspection becoming a meaningless exercise in terms of improving real world energy 
efficiency, it seems important that a number of the above limitations to the Inspection process are 
urgently addressed. In the meantime, if given sufficient resources, Inspection can provide a useful 
reduction in the energy consumption of AC systems in practice.  
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6 OVERVIEW OF  CASE STUDIES  AND  FIELD  TRIALS  BY  COUNTRY  
6.1 OVERVIEW  OF  CASE  STUDIES  AND  FIELD  TRIALS   IN  AUSTRIA  
6.1.1 EXECUTIVE  SUMMARY  
In Austria four Case Studies (CS) and 12 Field Trials (FT) have been carried out. While a FT basically 
means the inspection of an AC system, including pre-inspection and on-site inspection, a CS consisted 
of such an inspection combined with long-term monitoring and more comprehensive analysis of energy 
saving potentials, for example based on simulations. The CS’s have been organised by the Austrian 
Energy Agency solely. On the contrary there has been cooperation with two engineering offices and the 
local governments of the provinces of Vienna and Styria for the FTs. 
The Austrian CS’s took place in offices or mixed used buildings in Vienna, which have been built 
between 1970 and 2008. The areas served by the systems inspected varied between 1,800 and 7,500 m². 
All HVAC systems inspected are centralised systems. Heating is provided mostly by radiator systems 
with central boilers or connected to district heating. Cooling is produced by a central chiller and 
distributed by fan coil units or a centralised ventilation system. One CS (CS-AT2) involves innovative 
building services based on renewable energy sources. 
The FTs cover a wide range of uses including offices, kitchens, a museum and a hospital in Vienna and 
Graz. The areas served by the systems inspected ranged from 28 to almost 34,000 m². The buildings 
have been erected between the 15th century and present days. Within nine of the 12 systems inspected, 
one or more centralised chillers are installed. In seven cases cooling was distributed to the zones by one 
or more centralised ventilation systems and in four cases by water based systems (fan coils). In another 
three buildings one or more packaged systems (multi split and single split units) are installed. 
Within CS’s additionally to basic building and system documentation and the inspection long-term 
monitoring data was analysed. Generally it was tried to use existing monitoring equipment and data 
from the BMS but also new meters and data loggers have been installed. Among others outdoor and 
indoor air temperature, relative humidity, CO2 concentration and the energy consumption of the chiller 
and other AC equipment have been measured in 15 minutes intervals. The detailed analysis allowed to 
discover a wide range of energy conservation opportunities (ECOs) although all four systems are well 
maintained. Examples of ECOs found are: 
- The installed chiller has an EER class D and is 1.75 times oversized. Monitoring showed that 
the chiller works only in part load, also during the hottest period of the year. The installation 
of a more efficient and well dimensioned chiller would save 49 % of the electricity 
consumption for the chiller or 1,842 kg CO2 per year (ECOs P2.6 and P2.2). 
- The exchange of fans with a current specific fan power class of 3 and 4 with fans that are one 
class better would result in energy savings of 27 % of the fan’s consumption or 700 W/m²s. 
- Measurements of air flow rates and air exchange rates showed that they are much too high, 
especially when no cooling is provided. This is partly due to a change from a smoking to a 
non smoking zone. A reduction of the air exchange rate according to the actual needs only in 
winter and in summer on days when no cooling is provided, would result in savings of 22 % 
of the total fan power or 6,327 kWh per year. 
While many of the ECOs found during CS’s have been very specific for the system analysed, ECOs 
frequently envisaged during FTs are more obvious and general. The most frequent ECOs (discovered in 
41.7 % of the FTs) concern the application of demand-controlled ventilation and shutting off A/C 
equipment when not needed. Also improvement of the control strategy and cleaning of dirty filters and 
grills have been frequent energy conservation opportunities. Due to a lack in energy consumption data 
(energy bills, measurements, etc.) and operation times of the systems inspected, it has been impossible 
to quantify the ECOs found during inspection of these systems.  
For average times taken for pre-inspection and on-site inspection of the systems, CS’s and FTs have 
been analysed together. The average time taken for pre-inspection was almost four hours, on-site 
inspection of centralised systems took about 10 hours and on-site inspection of packaged systems four 
hours on average. Deviations between the systems were significant. Analysis showed a good 
correlation between the time taken in seconds per m² and the size of the building for pre-inspection. 
This means that the bigger the building is the less time is required per m². For on-site inspection the 
correlation is less significant and it seems that the expenditure of time also strongly depends on the 
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conditions on site, the accessibility for measurements, the cooperation and knowledge of the 
responsible person, etc.  
Generally the cooperation with all involved parties, including the system operators and in-house 
technicians was productive and output-oriented. Information for pre-inspection was provided presumed 
it was available. To structure this information a simple checklist has been facilitated as a guideline for 
the system operators. However, in most cases it has not been possible to receive detailed information 
like construction details, installed auxiliary equipment and components, calculations of cooling loads, 
etc. Energy consumption details were not available for almost all FTs. While visual inspections have 
always been possible except for packaged systems, measurements were only allowed if they did not 
interfere with the actual operation mode.  
Standardised procedures and documents would improve the efficiency of the pre-inspection. Also an 
easy understandable guideline for the on-site inspection would be helpful to allow the in-house 
technician to prepare for the inspection. Some of the inspection tasks (e.g. measurements) require a lot 
of expert know-how, therefore training would be required in Austria.  
The implementation of the ECOs discovered depends almost exclusively on the amortisation time and 
investment costs. For comprehensive advise energy consumption records are indispensable. However, 
also a meeting after the inspection where the inspector explains the ECOs has been very helpful to 
increase motivation. 
The following sections will explain all the points raised within this executive summary more in detail. 
6.1.2 INTRODUCTION  
In Austria a total of four Case Studies (CS), including an inspection similar as Field Trials and 12 Field 
Trials (FT) have been carried out.  
While the CS’s have been accomplished by the Austrian Energy Agency without any contribution from 
other companies, the FTs have been carried out in cooperation with engineering officesiv. Also the FTs 
have been organised with the support and under the patronage of the regional governments of the 
provinces of Viennav and Styriavi who have a strong interest in the results of the HARMONAC project. 
6.1.3 DATA  ANALYSIS  FOR  CS’S  
All four Austrian CS’s took place in offices or mixed used buildings in Vienna. The systems were 
chosen because of a variety of different HVAC systems represented as well as the availability of a quite 
good data basis and a cooperative owner. The buildings were of medium size with between 1,800 and 
7,500 m² of net area served by the system of interest and have been built between 1970 and 2008. The 
basic building characteristics are summarised in Table 1.  
Table 1: CS – overview building characteristics 
 CS-AT1 CS-AT2 CS-AT3 CS-AT4 
Location Vienna Vienna Vienna Vienna 
Main activity Shops and single 
office space 
Open plan and 
single office 
space, 
laboratories, 
educational 
facilities 
Open plan offices, 
dining room 
Open plan offices 
Year of 
construction 
1971 
(refurbishment 
2007) 
2008 1971 1991 
Net area served 
by system of 
interest 
3,618 m² 7,500 m² 2,254 m² 1,871 m² 
 
The building analysed in CS-AT1 has been completely refurbished in 2007 and is now a low energy 
building, while CS-AT2 has been erected only in 2008 and is one of the first net zero energy buildings 
in Austria and subject to a wide range of research projects. Table 2 and Table 3 provide an overview on 
the HVAC systems installed in these buildings. 
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Table 2: Average installed system for CS’s 
Parameter
Installed 
electrical load / 
kW
Floor area 
served / m 2  GIA
Installed 
capacity 
W/m 2  GIA
Annual 
consumption kWh
Average annual 
power W/m 2
Annual use 
kWh/m 2
Average annual 
power (% FLE)
Total Chillers nominal cooling capacity 215,9                     4.060,8                54,9                  
Total Chillers 56,1                       4.060,8                14,8                  21.246,0                   0,7                        5,9                      4,5
Total CHW pumps 2,5                         4.060,8                0,5                    6.555,3                     0,1                        0,9                      22,0
Total fans 17,0                       4.060,8                4,4                    41.501,0                   0,6                        5,5                      14,2
Total humidifiers 1,6                         4.060,8                0,2                    0,0
Total boilers ELECTRICAL 1,1                         4.060,8                0,3                    0,0
Total HW pumps 2,7                         4.060,8                0,5                    0,0
Total HVAC electrical 77,0                       4.060,8                19,3                  31.491,7                   1,2                        10,8                    6,4
Total Building Elec kWh 4.060,8                107.527,0                 2,7                        23,7                    
Total Boilers/Heat kWh 500,0                     4.060,8                138,2                123.928,5                 3,7                        32,6                    2,7
Total Building Gas/Heat kWh 4.060,8                224.392,0                 7,1                        62,0                    
 
Table 3: Overview HVAC systems installed 
 CS-AT1 CS-AT2 CS-AT3 CS-AT4 
Heating Centralised 
radiator heating 
system with two 
natural gas fired 
boilers 
Heat pump 
(water/water) and 
solar thermal 
system 
Centralised radiator 
heating system 
connected to district 
heating 
Centralised 
radiator heating 
system connected 
to district heating 
Cooling Centralised 
screw liquid 
chiller, water 
based, and two 
pipe fan coil 
units in the 
rooms 
Well water and 
DEC (Desicant 
Evaporative 
Cooling) 
Centralised 
compressor chiller, 
direct evaporating 
Centralised 
compressor chiller, 
direct evaporating 
Ventilation Centralised 
exhaust 
ventilators with 
natural air intake 
flaps integrated 
in the window 
frames 
2 air handling 
units with 
cooling and 
heating coil, 
humidifier, heat 
and humidity 
recovery 
Centralised 
ventilation system 
with centralised 
ventilators with heat 
recovery, heating, 
cooling and dryers/ 
humidifiers 
Centralised 
ventilation system 
with centralised 
ventilators with 
heat recovery, 
heating, cooling 
and steam 
humidifiers 
BMS Separate systems 
for heating and 
cooling 
Centralised BMS 
with terminal 
computer and 
remote access 
Centralised BMS, 
monitoring of all 
relevant plants and 
indoor air 
conditions, no sub 
metering 
Centralised BMS, 
monitoring of all 
relevant plants and 
indoor air 
conditions, no sub 
metering 
CS-AT3 and CS-AT4 took place in two buildings belonging to the same company. The systems 
installed as well as the findings were quite similar, except for the fact that at CS-AT3 the air 
distribution has a constant volume characteristic while at CS-AT4 the air distribution is designed as a 
variable air volume system. 
While the other CS’s represent typical systems installed in office buildings in Austria, CS-AT2 is 
equipped with an innovative and quite unique HVAC system.  
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Table 4 to Table 7 give an overview on the installed loads and energy consumption of each CS. 
Table 4: Installed capacities and annual consumption – CS-AT1 
Parameter Installed electrical load / kW
Floor area served / m 2 
GIA
Installed capacity W/m 2 
GIA
Annual consumption 
kWh
Average annual power 
W/m 2 Annual use kWh/m 2
Average annual power (% 
FLE)
Total Chillers nominal cooling c 249,0                                        3.618,0                                 68,8                                         
Total Chillers 62,0                                          3.618,0                                 17,1                                         21.246,0                              0,7                                           5,9                             3,9
Total CHW pumps 1,9                                            3.618,0                                 0,5                                           240,6                                  0,0                                           0,1                             1,4
Total fans 3.618,0                                 
Total humidifiers 3.618,0                                 
Total boilers ELECTRICAL 1,1                                            3.618,0                                 0,3                                           0,0
Total HW pumps 1,8                                            3.618,0                                 0,5                                           0,0
Total HVAC electrical 65,8                                          3.618,0                                 18,2                                         43.317,0                              1,4                                           12,0                           7,5
Total Building Elec kWh 3.618,0                                 130.950,0                            4,1                                           36,2                           
Total Boilers/Heat kWh 500,0                                        3.618,0                                 138,2                                       224.392,0                            7,1                                           62,0                           5,1
Total Building Gas/Heat kWh 3.618,0                                 224.392,0                            7,1                                           62,0                            
Table 5: Installed capacities and annual consumption – CS-AT2 
Parameter Installed electrical load / kW
Floor area served / m 2 
GIA
Installed capacity W/m 2 
GIA
Annual consumption 
kWh
Average annual power 
W/m 2 Annual use kWh/m 2
Average annual power (% 
FLE)
Total Chillers nominal cooling c 350,0                                        7.500,0                                 46,7                                         
Total Chillers 84,0                                          7.500,0                                 11,2                                         
Total CHW pumps 3,0                                            7.500,0                                 0,4                                           12.870,0                              0,2                                           1,7                             49,0
Total fans 26,0                                          7.500,0                                 3,5                                           41.501,0                              0,6                                           5,5                             18,2
Total humidifiers 1,6                                            7.500,0                                 0,2                                           0,0
Total boilers ELECTRICAL 7.500,0                                 
Total HW pumps 3,7                                            7.500,0                                 0,5                                           0,0
Total HVAC electrical 138,7                                        7.500,0                                 18,5                                         0,0
Total Building Elec kWh 7.500,0                                 84.104,0                              1,3                                           11,2                           
Total Boilers/Heat kWh 7.500,0                                 23.465,0                              0,4                                           3,1                             
Total Building Gas/Heat kWh 7.500,0                                  
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Table 6: Installed capacities and annual consumption – CS-AT3 
Parameter Installed electrical load / kW
Floor area served / m 2 
GIA
Installed capacity W/m 2 
GIA
Annual consumption 
kWh
Average annual power 
W/m 2 Annual use kWh/m 2
Average annual power (% 
FLE)
Total Chillers nominal cooling c 128,0                                        2.254,0                                 56,8                                         
Total Chillers 36,0                                          2.254,0                                 16,0                                         
Total CHW pumps 2.254,0                                 
Total fans 12,0                                          2.254,0                                 5,3                                           0,0
Total humidifiers 2.254,0                                 
Total boilers ELECTRICAL 2.254,0                                 
Total HW pumps 2.254,0                                 
Total HVAC electrical 48,0                                          2.254,0                                 21,3                                         27.065,0                              1,4                                           12,0                           6,4
Total Building Elec kWh 2.254,0                                 
Total Boilers/Heat kWh 2.254,0                                 
Total Building Gas/Heat kWh 2.254,0                                  
Table 7: Installed capacities and annual consumption – CS-AT4 
Parameter Installed electrical load / kW
Floor area served / m 2 
GIA
Installed capacity W/m 2 
GIA
Annual consumption 
kWh
Average annual power 
W/m 2 Annual use kWh/m 2
Average annual power (% 
FLE)
Total Chillers nominal cooling c 136,4                                        2.871,0                                 47,5                                         
Total Chillers 42,5                                          2.871,0                                 14,8                                         
Total CHW pumps 2.871,0                                 
Total fans 13,0                                          2.871,0                                 4,5                                           0,0
Total humidifiers 2.871,0                                 
Total boilers ELECTRICAL 2.871,0                                 
Total HW pumps 2.871,0                                 
Total HVAC electrical 55,5                                          2.871,0                                 19,3                                         24.093,0                              1,0                                           8,4                             5,0
Total Building Elec kWh 2.871,0                                 
Total Boilers/Heat kWh 2.871,0                                 
Total Building Gas/Heat kWh 2.871,0                                  
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6.1.4 MONITORING  STRATEGIES  
Generally all CS’s were combined with an inspection and therefore short time measurements were conducted on site. 
HVAC system documentation, building plans and energy bills (where available) built the basis for repeated 
inspections and long term measurements. 
In general it was tried to use existing monitoring equipment and data from the BMS systems in place for long term 
measurements. Where no such systems were available, meters and data loggers have been installed to measure at 
least the energy consumption of the main HVAC components. 
Within CS-AT1 outdoor and indoor air temperature as well as the outdoor air relative humidity (May to October 
2009) have been monitored. The energy consumption of the chiller in 15 minute intervals has been recorded from 
May to October 2009. 
CS-AT2 is subject to a wide range of research activities because of its high degree of innovation. A comprehensive 
BMS system is in place to monitor the energy consumption of the building. Unfortunately the data of the first year of 
operationvii was incomplete due to failures in the database and the sensors. An example of measurement data is 
provided in Graph 1.  
 
 
WP37: Heat Pump 1 forward flow  WP15: Pump 1 return flow 
WP38: Heat Pump 1 return flow  WP16: Pump 1 forward flow 
WP41: Heat Pump 2 return flow  WP29: Pump 2 forward flow 
WP44: Heat Pump 2 forward flow  WP30: Pump 2 return flow 
Graph 1: CS-AT2: heat pump condenser and evaporator temperatures 
Also the building has not been fully occupied, which means a lack of internal loads in the non-occupied zones. Apart 
from desk studies on the building and HVAC system documentation, inspection and monitoring data four bachelor 
thesis from students of the University of Applied Sciences for “Renewable Urban Energy Systems” have been used 
as a basis for this CSviii. Energy consumption has been measured for heating, lighting, air handling units and cooling 
pumps. Moreover indoor air conditions (air temperature and relative humidity) have been monitored and analysed 
according to the comfort zones in DIN 1946.  
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For CS-AT3 and CS-AT4 metering of the energy consumption of the HVAC system was set up in the switchboard at 
the feeding for the AC system. It covered all electrical consumers regarding the AC system, such as chiller, AHU 
and control system. The meters monitored the energy consumption in 15 minutes intervals between 23rd July and 11th 
October 2009. Indoor and outdoor air temperature have also been monitored and analysed between July and October 
2009. At CS-AT3 analysis of temperature data showed that the location of the outdoor sensor for the heating system 
was not well chosen. The meter was mounted on a wall exposed to direct sunlight and therefore often too high 
temperatures were reported, which resulted in a malfunction of the heating system (see red line in Graph 2). 
 
Graph 2: CS-AT3: outside air temperature (comparison duct and wall mounted sensors) 
For all buildings CAT has been used to simulate potential improvements of the building envelope, shading and 
internal loads. SimAudit has only been applicable for CS-AT1, since the other systems could not be pictured with 
this simulation tool. 
6.1.5 MAIN  OVERALL FINDINGS  FROM  THE CASE  STUDIES  
Although all four CS’s systems have been in a generally good shape, well maintained and with a coherent control 
strategy, still a wide range of energy conservation opportunities could be found. Table 8 provides an overview on the 
most significantix energy conservation opportunities (ECOs) found in the four CS’s.  
Table 8: Most significant ECOs 
ECO Saving in AC 
Energy Use 
Energy 
saving in 
kWh/m2/pa 
IM Item Number of systems 
where this ECO 
was found 
P3.3 Replace fans 19% of fan 
consumption 
 C5 3 
E3.1 Roof external insulation   PI5 2 
E3.4 External walls, add insulation   PI5 2 
P2.2 Fit smaller compressor 15% of chiller use 0.88 PI15 1 
P2.3 Split load amongst two heat pumps   C40 1 
P2.6 Replace Chiller 49% of chiller use 2.88 PI15, C2, 
C9 
1 
P3.7 Consider conversion to VAV   C31 1 
P3.10 Demand controlled ventilation   C31, C41 1 
P4.1 Use best class of pumps   PI17, C10 1 
O2.2 Shut off AC equipment when not 
needed 
2.0% of chiller use 0.112 C36 1 
O3.8 Raise chilled water temperature 2.9% of chiller use 0.17 C9 1 
O4.9 Reduce air change to actual needs 22 % of fan 
consumption 
2.2 C31, C41 1 
O4.22 Reduce water flow to actual 
needs 
  PI17, C10 1 
ECOs concerning the building envelope and internal and external loads have been found at CS-AT1, CS-AT3 and 
CS-AT4.  
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Graph 3: CS-AT1: CAT simulation internal gains – 
lighting (ECO E4.6) 
The building of CS-AT3 was erected in 1971 and refurbished 
in 1977 when it was converted into office use. The 
construction of the building envelope (U-values, air tightness, 
etc.) is not state of the art anymore, therefore thermal 
insulation improving the U-value of the external walls and the 
flat roof would decrease energy use significantly as well as the 
exchange of windows and skylights with state of the art 
materials. Also automated moveable external blinds would 
reduce external gains and at the same time prevent too much 
shading and the use of artificial lighting. 
At CS-AT1 through the exchange of the installed T5 tubes 
Osram FQ54/840 HO with high efficient T5 tubes Osram 
FH35/840 HE the internal loads could be reduced by 5 W/m² 
according to the CAT simulation (Graph 3).  
Also at CS-AT1 it was found out that the boiler has not been 
changed after refurbishment and is now 3.5 times oversized. 
The chiller has an EER class D and is 1.75 times oversized. Monitoring of the energy consumption showed that the 
chiller works only in part load, also on the hottest day of the year. A more efficient chiller would save 49 % of the 
electricity consumption or 1.842 kg CO2 per year (ECOs P2.6, P2.2). 
 
Graph 4: CS-AT1: Energy consumption of the chiller on the hottest day 2009 
 
Graph 5: CS-AT1: Air temperature on the hottest day 2009 
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Although the HVAC systems of CS-AT3 and CS-AT4 are quite old compared to the other CS’s they are very well 
maintained and controlled through a coherent BMS system. However, at both systems energy could be saved by 
improving the ventilation system:  
At CS-AT3 the existing air distribution system was originally designed as a constant volume system with a one 
speed ventilator. Now the ventilator is already equipped with a frequency converter drive system which is pressure 
controlled but the air distribution system remains at constant volume and has only manually and motor operated 
dampers. Also the original design of the air exchange rate was for a smoking zone. Therefore it was recommended to 
replace the dampers with VAV boxes which are controlled via existing temperature sensors and new CO2 sensors. 
This would ensure proper ventilation to all zones and better temperature control. The air exchange rate could be 
lowered because smoking is no longer allowed in this building. Also the fans, currently SFP class 3 and 4, could be 
exchanged with fans with SFP class 2 and 3, which would reduce the total specific fan power by 27 % or 700 W/m²s.  
Measurements of the air flow rates and air exchange rates at CS-AT4 showed that even at the floor with the lowest 
air exchange rate it is with 99 m³/hour and person much too high, especially considering that the building is a non 
smoking zone. 
Table 9: CS-AT4: Air exchange rates and air flow on the different floors of the building 
  Floor Area 
Supply Air [m³/h] 
Ach/h 
Exhaust Air 
[m³/h] 
Ach/h Nr. Persons 
Air exchange 
rate per person 
  conditioned volume max min max min   [m³/h/person] 
1. floor 356 m² 4000 2670 2800 1870 15 267 178 
  1139,2 m³ 3,51 2,34 2,46 1,64      
2. floor 412 m² 4000 2670 3600 2400 27 148 99 
  1318,4 m³ 3,03 2,03 2,73 1,82      
3. floor 425 m² 4000 2670 3600 2400 23 174 116 
  1360 m³ 2,94 1,96 2,65 1,76      
4. floor 412 m² 4000 2670 3600 2400 24 167 111 
  1318,4 m³ 3,03 2,03 2,73 1,82      
5. floor 422 m² 4200 3150 4200 2800 22 191 143 
  1350,4 m³ 3,11 2,33 3,11 2,07       
A very significant ECO would therefore be to reduce the air exchange rate according to the actual needs. At the 
moment the minimum air exchange rate is between 99 and 267 m³/hour and person (depending on the floor). This is 
much to high for only providing fresh air. During the summer time the system was only running on minimum air 
exchange for 120 hours because cooling is normally provided through the supply air, but in winter the VAV boxes 
are permanently in minimum position because heating is provided by radiators. If the minimum set point of the VAV 
boxes is lowered to half of the current level, then the fan speed could also be lowered by half. The frequency drive is 
controlled by a pressure sensor, which would alter it’s value automatically. Additionally the belt pulleys would have 
to be changed to get high enough motor speed to ensure proper cooling of the fan motor. The ducts would have to be 
adjusted and air flow rates would have to be checked to ensure a balanced air distribution. Considering these 
measures savings of 22 % of total fan power or 6,327 kWh per year could be achieved. 
At CS-AT3 the cold water generator is now 33 years old and uses the refrigerant gas R22, which will be no longer 
allowed in the future. Therefore the chiller could be replaced with a new one with a high efficiency class. 
CS-AT2 is a new and very innovative building with a unique HVAC system based on maximum use of renewable 
energy. Heating is provided by a solar thermal system (300 m²) and two water/water heat pumps (2 x 177 kW) using 
well water as a heat source. Most of the year only one heat pump is required. Cooling is mainly provided by well 
water which is fed into the thermo active ceilings via heat exchangers. The two air handling units are equipped with 
two heat recovery wheels, one of them coated with a sorbant. The heating coil situated between them, supplied with 
solar thermal energy, is used to regenerate the absorbent covered wheel (DEC system). This wheel and two 
humidifiers are used to dry the air and can maintain a supply air temperature of about 22 °C. In winter these wheels 
are used for heat and moisture recovery.  
However, although the air conditioning system uses these innovative systems for providing heating and cooling, 
some of the components applied are not the ones with the best energy class on the market. Especially the AHUs have 
a high consumption of electricity which has several reasons: 
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Graph 6: Proportions of net areas served by the systems 
inspected during the FTs 
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Graph 7: VAC system types inspected 
- High pressure drop of the installed devices such as heat exchanger, humidifier, filter, etc. 
- High pressure drop due to a wide spread duct system  
- Replacement of the installed standard fan with a high specific fan power is recommended. 
6.1.6 DATA  ANALYSIS  FOR FT’S  
In Austria 12 FTs were carried out in the provinces of 
Styria and Vienna in cooperation with two civil 
engineering companies, Grazer Energieagentur and TB 
Holzinger. As the FTs have been supported by the energy 
departments of the provinces of Styria and Vienna, most 
of them took place in buildings owned by the provinces 
or their organisations. The field trials covered a wide 
range of uses, including offices, kitchens, a museum and 
a hospital. The areas served by the systems inspected 
ranged from 28 to 33,930 m². Considering the building 
envelope there was also a significant variety with 
constructions dating from the 15th century to recently 
built facilities. Table 10 provides an overview on the 
building characteristics of the 12 FTs.  
Table 10: FT – overview building characteristics 
 Location Main activity Year of 
construction 
Net area served by 
system of interest 
FT-AT1 Vienna Single office space 1993 3,700 m² 
FT-AT2 Vienna Server room 1897 36 m² 
FT-AT3 Vienna Offices and educational facilities 2001 387 m² 
FT-AT4 Vienna Storage room 1897 28 m² 
FT-AT5 Klosterneuburg Kitchen 17th century 98 m² 
FT-AT6 Vienna Museum 1916 620 m² 
FT-AT7 Vienna Hospital 1970 33,930 m² 
FT-AT8 Graz Single space offices 1980 389 m² 
FT-AT9 Graz Single space offices 2003 569 m² 
FT-AT10 Graz Single space offices 1980 1,614 m² 
FT-AT11 Graz Single space offices 1910 190 m² 
FT-AT12 Graz Kitchen and canteen 1438 346 m² 
Within the FTs a wide range of different systems 
concerning size, system type and use have been 
inspected. Within nine of the 12 systems inspected, 
one or more centralised chillers have been installed. 
In seven cases cooling was distributed to the zones 
by one or more centralised ventilation systems, in 
four cases by water based systems, namely fan coils. 
In three buildings one or more packaged systems 
(multi split and single split units) have been used. 
Table 11 and Table 12 provide an overview on the 
systems installed. However, since the net areas 
served by the systems inspected during the FTs and 
also the installed loads and capacities differ a lot 
(also see Graph 6) the average system as shown in  
Table 11 may not be representative. 
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Table 11: Average installed system for FTs 
Parameter
Installed 
electrical load / 
kW
Floor area 
served / m 2  GIA
Installed 
capacity 
W/m 2  GIA
Annual 
consumption kWh
Average annual 
power W/m 2
Annual use 
kWh/m 2
Average annual 
power (% FLE)
Total Chillers nominal cooling capacity 460,6                     3.473,7                392,1                
Total Chillers 112,5                     3.473,7                101,1                0,0
Total CHW pumps 24,1                       3.473,7                6,9                    0,0
Total fans 11,1                       3.483,2                40,4                  0,0
Total humidifiers 52,5                       3.492,6                58,5                  0,0
Total boilers ELECTRICAL 44,0                       3.473,7                447,2                0,0
Total HW pumps 3.473,7                
Total HVAC electrical 141,3                     3.473,7                143,1                1.423.717,0              9,3                        81,0                    6,5
Total Building Elec kWh 3.823,7                339.558,8                 61,9                      542,5                  
Total Boilers/Heat kWh 139,5                     3.806,8                311,2                
Total Building Gas/Heat kWh 3.823,7                4.495.835,4              37,5                      328,3                   
Table 12: Overview HVAC systems installed at FTs 
 Heating Cooling Ventilation BMS 
FT-AT1 Centralised radiator 
heating system connected 
to district heating 
Absorber chiller using 
waste heat from a waste 
combustion plant and 
compressor chiller, two 
pipe fan coils 
Centralised system providing 
heating, cooling and 
humidification 
BMS for whole building 
complex 
FT-AT2 - Two redundant packaged 
cooling units with scroll 
compressors, variable air 
flow and free cooling 
option 
- - 
FT-AT3 Centralised radiator 
heating system connected 
to district heating 
Two centralised scroll 
liquid chillers, water 
based, on with free 
cooling function 
Two centralised ventilation 
systems for different zones 
providing cooling 
BMS for control, alarm 
management and data storage 
FT-AT4 Centralised radiator 
heating system connected 
to district heating 
Packaged single split units - - 
FT-AT5 Centralised radiator 
heating system connected 
to district heating 
Screw air cooled chiller, 
direct evaporating 
Centralised ventilation system 
providing heating and cooling 
Micro processor controller 
FT-AT6 Centralised radiator 
heating system connected 
to district heating 
Centralised reciprocating 
liquid chiller, water based
Centralised ventilation system 
with VAV, providing heating, 
cooling, humidification and 
dehumidification 
Micro processor controller with 
control terminals in each 
switchboard 
FT-AT7 Centralised radiator 
heating system connected 
to district heating 
5 identical cold water 
generators with 
reciprocating compressors
6 air handling units, 4 of them 
dual duct systems and 2 single 
duct systems 
Originally manually controlled 
with mechanical thermostatic 
devices, now partly rebuilt using 
BMS components and 
visualisation 
FT-AT8 Centralised radiator 
heating system connected 
to district heating 
Multisplit VRF system - - 
FT-AT9 Centralised radiator 
heating system connected 
to district heating 
Chiller, water based, fan 
coil units 
- - 
FT-
AT10 
Centralised radiator 
heating system connected 
to district heating 
Centralised liquid scroll 
chiller 
Centralised ventilation system, 
constant air flow, providing 
heating and cooling 
External BMS 
FT-
AT11 
Centralised radiator 
heating system connected 
to district heating 
Air cooled water chiller 
with screw compressor, 
fan coils 
- - 
FT-
AT12 
Centralised radiator 
heating system connected 
to district heating 
Air cooled water chiller, 
reciprocating piston 
compressor, fan coil in 
one zone 
Constant volume air handling 
units 
Central BMS with additional 
time clocks and manual 
switches 
Graph 8 shows a comparison of the chillers nominal cooling capacity and the nominal electric power installed of all 
FTs and CS’s conducted in Austria. 
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Graph 9: Time taken for pre-inspection in seconds per m² 
according to the net area served by the system 
 
Graph 8: Cooling capacity and nominal electric power of the chiller for FTs and CS’s 
6.1.7 INSPECTION  TIMINGS  
All FTs consisted from a pre-inspection and an on-site 
inspection, as described in the HARMONAC inspection 
methodologies. The following tables show the average time 
taken for pre-inspection and on-site inspection of packaged 
and centralised systems. The inspections conducted as part of 
the CS’s followed the same pattern and are therefore included 
in the this analysis.  
During pre-inspection existing data and documents were 
collected and analysed. Most information required is related 
to the building, the zones and the system inspected. The 
average time taken for pre-inspection was 236 minutes, or 
almost four hours. With about 30 minutes HVAC system 
description was the most time-consuming task, followed by 
the description of the refrigeration equipment of each zone 
with 24 minutes. The longest pre-inspection was required for 
FT-AT7, a big hospital, with almost 14 hours. On the contrary only 72 minutes were required for the pre-inspection 
of a packaged system located in a small storage room (FT-AT4).  
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Cooling capacity and nominal electric power of the chillers for FTs and CS's
-
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kW
FT-AT1  1.885,0  434,0 
FT-AT2  50,0  11,8 
FT-AT3  211,0  49,8 
FT-AT4  3,5  1,1 
FT-AT5  112,0  27,9 
FT-AT6  125,0  46,0 
FT-AT7  2.875,0  695,0 
FT-AT8  33,5  9,6 
FT-AT9  35,7  12,4 
FT-AT10  64,0  24,0 
FT-AT11  110,0  29,6 
FT-AT12  22,3  8,4 
CS-AT1  249,0  62,0 
CS-AT2  350,0  84,0 
CS-AT3  128,0  36,0 
CS-AT4  136,4  42,5 
Total Chillers nominal cooling capacity (cooling output) Total Chillers
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Graph 10: Time taken for on-site inspection of centralised 
systems in seconds per m² according to the net area served by 
the system 
Analysis showed a quite good correlation of R = 0,93 between the time taken in seconds per m² and the size of the 
building. This means that the bigger the building is the less time is required per m². The average time taken per m² 
was 38 seconds.  
Table 13: Average time taken for pre-inspection (mainly building data) 
Inspection Item Short Description Average time (mins)
PI1 Location and number of AC zones 6,5 
PI2 Documentation per zone 19,6 
PI3 Images of zones/building 21,2 
PI4 General zone data/zone 22,8 
PI5 Construction details/zone 18,9 
PI6 Building mass/air tightness per zone 5,4 
PI7 Occupancy schedules per zone 5,6 
PI8 Monthly schedule exceptions per zone 1,1 
PI9 HVAC system description and operating setpoints per zone 30,6 
PI10 Original design conditions per zone 8,0 
PI11 Current design loads per zone 10,1 
PI12 Power/energy information per zone 8,9 
PI13 Source of heating supplying each zone 3,9 
PI14 Heating storage and control for each zone 3,9 
PI15 Refrigeration equipment for each zone 24,1 
PI16 AHU for each zone 16,8 
PI17 Cooling distribution fluid details per zone 5,3 
PI18 Cooling terminal units details in each zone 7,6 
PI19 Energy supply to the system 3,5 
PI20 Energy supply to the building 2,3 
PI21 Annual energy consumption of the system 5,1 
PI22 Annual energy consumption of the building 4,9 
  TOTAL AVERAGE TIME TAKEN (minutes) 236 
  TOTAL AVERAGE SECONDS PER UNIT AREA (seconds/m2) 38,1 
The on-site inspection of centralised systems was tested 
within nine FTs and four CS’s. On the average 608 
minutes or about 10 hours were required. The most time 
consuming task by far turned out to be the preparation of 
the report, which took almost 3.5 hours on the average. 
However, it is assumed that this value would decrease 
strongly if the inspection was repeated and a blueprint of 
the report from last inspection was already available. 
On second and third place were “Comparison of the 
system size with the imposed cooling loads” and 
“Estimate Specific Fan Power of relevant air movement 
systems” with 90 and 52 minutes. These tasks do not 
only require a lot of time, they also presume good 
knowledge of the subject and practical experience. 
The longest inspections were required for FT-AT7 and 
CS-AT2, which were the largest buildings involved and 
included very complex systems. The shortest on-site 
inspection was with about 5 hours at FT-AT10, which 
was a relatively large building but with a simple system 
installed.  
On the average about 75 seconds were required per m². 
The biggest deviations were detected at AT-FT7, the 
hospital with almost 34,000 m² net area served by the 
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system, with only 4.8 seconds/m² and at AT-FT5, a with 98 m² rather small area, with 515 seconds/m². The later 
deviation can be explained by the rather old system, which was not well maintained and suitable for the actual use 
anymore. 
Graph 10 shows the correlation between the time taken in seconds per m² and the net floor area served by the system. 
While the graph above shows all FTs and CS’s, the two extreme values for AT-FT7 and AT-FT5 have been removed 
in the graph below to allow a better overview on the allocation of the other inspections. Correlation is significantly 
lower than for pre-inspection as the time taken is not only dependent on the size and complexity of the building and 
system, but also depends on the conditions on site, the accessibility for measurements, the cooperation and 
knowledge of the responsible person, etc. 
Table 14: Average time taken for on-site inspection of centralised systems 
Inspection Item Short Description Average time (mins)
PC1 Details of installed refrigeration plant 18,1 
PC2 Description of system control zones, with schematic drawings. 20,6 
PC3 Description of method of control of temperature. 12,2 
PC4 Description of method of control of periods of operation. 5,2 
PC5 Floor plans, and schematics of air conditioning systems. 24,1 
PC6 Reports from earlier AC inspections and EPC’s 4,1 
PC7 Records of maintenance operations on refrigeration systems 3,2 
PC8 Records of maintenance operations on air delivery systems. 3,8 
PC9 Records of maintenance operations on control systems and sensors 3,5 
PC10 Records of sub-metered AC plant use or energy consumption. 4,3 
PC11 Commissioning results where relevant 2,4 
PC12 An estimate of the design cooling load for each system 19,8 
PC13 Records of issues or complaints concerning indoor comfort conditions 4,6 
PC14 Use of BMS 7,5 
PC15 Monitoring to continually observe performance of AC systems 11,6 
C1 Locate relevant plant and compare details 45,2 
C2 Locate supply the A/C system and install VA logger(s) 29,7 
C3 Review current inspection and maintenance regime 7,5 
C4 Compare system size with imposed cooling loads 90,7 
C5 Estimate Specific Fan Power of relevant air movement systems 52,2 
C6 Compare AC usage with expected hours or energy use 8,3 
C7 Locate refrigeration plant and check operation 9,9 
C8 Visual appearance of refrigeration plant and immediate area 4,9 
C9 Check refrigeration plant is capable of providing cooling 6,9 
C10 Check type, rating and operation of distribution fans and pumps 10,0 
C11 Visually check condition/operation of outdoor heat rejection units 6,6 
C12 Check for obstructions through heat rejection heat exchangers 3,8 
C13 Check for signs of refrigerant leakage 1,2 
C14 Check for the correct rotation of fans 2,2 
C15 Visually check the condition and operation of indoor units 3,8 
C16 Check air inlets and outlets for obstruction 1,6 
C17 Check for obstructions to airflow through the heat exchangers 1,4 
C18 Check condition of intake air filters. 1,2 
C19 Check for signs of refrigerant leakage. 1,6 
C20 Check for the correct rotation of fans 1,1 
C21 Review air delivery and extract routes from spaces 7,3 
C22 Review any occupant complaints 3,2 
C23 Assess air supply openings in relation to extract openings. 5,4 
C24 Assess the controllability of a sample number of terminal units 6,9 
C25 Check filter changing or cleaning frequency. 8,3 
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Graph 11: Time taken for on-site inspection of 
packaged systems in seconds per m² according to the 
net area served by the system
Inspection Item Short Description Average time (mins)
C26 Assess the current state of cleanliness or blockage of filters. 8,1 
C27 Note the condition of filter differential pressure gauge. 2,1 
C28 Assess the fit and sealing of filters and housings. 3,2 
C29 Examine heat exchangers for damage or significant blockage 2,5 
C30 Examine refrigeration heat exchangers for signs of leakage 3,3 
C31 Note fan type and method of air speed control 7,8 
C32 Check for obstructions to inlet grilles, screens and pre-filters. 8,7 
C33 Check location of inlets for proximity to sources of heat 3,6 
C34 Assess zoning in relation to internal gain and solar radiation. 9,2 
C35 Note current time on controllers against the actual time 2,0 
C36 Note the set on and off periods 3,5 
C37 Identify zone heating and cooling temperature control sensors 21,8 
C38 Note zone set temperatures relative to the activities and occupancy 21,6 
C39 Check control basis to avoid simultaneous heating and cooling 4,5 
C40 Assess the refrigeration compressor(s) and capacity control 15,2 
C41 Assess control of air flow rate through air supply and exhaust ducts 5,0 
C42 Assess control of ancillary system components e.g. pumps and fans 6,8 
C43 Assess how reheat is achieved, particularly in the morning 4,8 
C44 Check actual control basis of system 8,0 
 Write report 198,5 
 TOTAL (minutes) 608 
 TOTAL (seconds/m2) 75,4 
In Austria only three packaged systems were inspected. The 
average time taken for the inspection of a packaged system 
was 241 minutes or four hours. Among the three systems 
inspected were the two serving the smallest net area (28 
and 36 m²).  
The most time-consuming task was again the preparation of 
the report with 1.5 hours. On-site the comparison of the 
installed system with the available documentation and the 
examination if the system is capable of providing cooling 
required most of the time (15 and 13 minutes).  
Allocated on the time taken per m² on-site inspection of 
packaged systems seems to be rather time-consuming (300 
seconds per m²). However, this is partly due to the very small areas served by the system. 
Table 15: Average time taken for on-site inspection of packaged systems 
Inspection Item Short Description 
Average time 
(mins) 
PP1 List of installed refrigeration plant 8,3 
PP2 Method of control of temperature. 6,0 
PP3 Method of control of periods of operation 5,3 
PP4 Reports from earlier AC inspections and EPC’s 8,3 
PP5 Records of maintenance operations 5,3 
PP6 Records of maintenance (control systems and sensors) 5,3 
PP7 Records of sub-metered air conditioning plant (use or energy) 5,7 
PP8 Design cooling load for each system 6,0 
PP9 Description of the occupation of the cooled spaces 4,0 
P1 Review available documentation from pre-inspection 15,0 
P2 Locate the plant and compare details with pre-inspection data 6,0 
P3 Locate supply to the A/C system and install VA logger(s) 5,0 
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P4 Review current inspection and maintenance regime 5,7 
P5 Compare size with imposed cooling loads 8,3 
P6 Compare records of use or sub-metered energy with expectations 2,3 
P7 Locate outdoor plant 4,0 
P8 Check for signs of refrigerant leakage. 3,0 
P9 Check plant is capable of providing cooling 12,7 
P10 Check external heat exchangers 7,3 
P11 Check location of outdoor unit 2,0 
P12 Assess zoning in relation to internal gain and orientation 2,3 
P13 Check indicated weekday and time on controllers against actual 1,7 
P14 Note the set on and off periods 1,0 
P15 Identify zone heating and cooling temperature control sensors. 3,0 
P16 Note set temperatures in relation to the activities and occupancy 4,0 
P17 Provision of controls or guidance on use while windows open 1,7 
P18 Type, age and method of capacity control of the equipment 11,7 
P19 Write report 90,0 
  TOTAL AVERAGE TIME TAKEN 241,0 
  TOTAL (seconds/m2) 299,5 
6.1.8 MOST SIGNIFICANT ECOS  
Due to the wide range of buildings, usages and systems also a broad range of energy conservation opportunities 
could be identified.  
Table 16 gives an overview on the most significant and frequent ECOs found during the 12 FTs. The most frequent 
ECOs were found in five FTs or 41.7 % of the FTs. They concern the application of demand-controlled ventilation 
(ECO P3.1) and shutting off A/C equipment when not needed (ECO O2.2). Four times or in one third of all FTs the 
following ECOs have been identified: Definition of the best location for new electrical and cooling meters (P1.2), 
modification of controls in order to sequence heating and cooling (P1.3), maintain proper system control set-points 
(O2.4) and adjust internal set point values to external climatic conditions (O2.5). It is noticeable that all these ECOs 
are connected to the control strategy of the HVAC system. 
Table 16: List of most significant and frequent ECOs 
Most significant ECOs 
  
Percentage of 
systems 
E1.3 Operate shutters, blinds, shades, screens or drapes 8.3 % 
E3.1 Upgrade insulation of flat roofs externally 8.3 % 
E3.3 Add insulation to exterior walls by filling cavities 16.7 % 
E4.5 Replace electrical equipment with Energy Star or low consumption types 8.3 % 
E4.6 Replace lighting equipment with low consumption types 8.3 % 
P1.1 Install BEMS systems 16.7 % 
P1.2 Define best location for new electrical and cooling meters 33.3 % 
P1.3 Modify controls in order to sequence heating and cooling 33.3 % 
P1.4 Modify control systems in order to adjust internal set point values to external 
climatic conditions 
25 % 
P1.5 Generate the possibility to adopt variable speed control strategy 25 % 
P2.2 Reduce compressor power or fit a smaller compressor 8.3 % 
P2.3 Split the load among various chillers 25 % 
P2.4 Repipe chillers or compressors in series or parallel to optimise circuiting 8.3 % 
P2.5 Improve central chiller / refrigeration control 25 % 
P2.6 Replace or upgrade cooling equipment and heat pumps 25 % 
P2.11 Consider indirect free cooling using the existing cooling tower (free chilling) 8.3 % 
P2.14 Consider using condenser rejection heat for air reheating 16.7 % 
P3.6 Apply variable flow rate fan control 25 % 
P3.10 Consider applying demand-controlled ventilation 41.7 % 
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Most significant ECOs 
  
Percentage of 
systems 
P4.5 Install variable volume pumping 8.3 % 
P5.2 Consider introducing re-cool coils in zones with high cooling loads 16.7% 
O2.1 Use an energy accounting system to locate savings opportunities and to track and 
measure the success of energy-efficiency strategies 
25 % 
O2.2 Shut off A/C equipment when not needed 41.7 % 
O2.3 Shut off auxiliaries when not required 25 % 
O2.4 Maintain proper system control set points 33.3 % 
O2.5 Adjust internal set point values to external climatic conditions 33.3 % 
O3.8 Raise chilled water temperature and suction gas pressure 16.7 % 
O3.9 Lower condensing water temperature and pressure 16.7 % 
O3.18 Repair or upgrade insulation on chiller 8.3 % 
O4.2 Perform night time over ventilation 8.3 % 
O4.14 Clean or replace filters regularly 25 % 
Due to a general lack in energy consumption data for the HVAC system considered, it has been impossible to 
quantify the energy saving potentials. Following the results of McWhirterx up to 2 to 4 % savings per degree Kelvin 
are possible if the set points are currently too low (below 22 °C) and can be increased. However other quantified 
savings are also not available. 
Within the CS’s saving potentials have been identified by inspection but also through analysis of long-term 
monitoring data and simulations. Therefore on the one hand it has been easier to quantify these savings and on the 
other hand due to a more comprehensive investigation much more specific energy conservation opportunities could 
be identified. Within the FTs examination was limited to the inspection itself. Only in a few cases energy 
consumption data for the HVAC system has been available, monitoring data was not accessible at all. Available 
records of energy consumption of the most significant components of the HVAC system would mean that the 
inspection reports could be much more informative and helpful for the owner or operator. 
The FTs consisted of a mixture of relatively new and older system, some of them well maintained independent from 
their age. Only few systems were really in a bad condition. The reason for the relatively good condition of the 
systems could be that the owners voluntary chose to participate in the project. Therefore it is likely that owners that 
are already interested in maintaining a proper system chose to join the project. Others with ill maintained systems 
feared to participate and have their systems shown as “negative cases”. 
However, some of the older systems still use refrigerants that are not allowed anymore or will be prohibited within 
the next years. In some cases the chiller will have to be changed in course of the exchange of the refrigerant, which 
will be a chance to also improve the efficiency of the whole system. 
Generally a major point for improvement is the control strategy. Many systems inspected are manually controlled. 
Others are operating 24 hours a day and seven days a week or during holidays and weekends without stringent 
reason. A more differentiated control strategy would save significant amounts of energy. 
Also dirty filters, grills, etc. were detected quite often. They are either due to a temporary increased dust level (e.g. 
because of a nearby construction site), usage in a generally more polluted environment (e.g. a kitchen) or infrequent 
maintenance. According to McWhirter an average saving of 17 % can be reached through more frequently cleaning 
of filters. 
6.1.9 PRACTICAL  EXPERIENCES  OF   INSPECTION  
In the beginning it has been quite difficult to find building owners interested in participating in the CS’s and FTs. It 
is assumed that some of the in-house technicians were afraid that the systems they are in charge of would turn out to 
be inefficient and not well maintained. In Vienna the FTs finally were agreed on the condition that the building 
owner receives the legally required inspection certificate.  
Still there is the assumption that only building owners/system operators with a general interest in the energy 
efficiency of their system participated in the project. These people have normally already implemented some energy 
saving measures and have a quite good knowledge on the things that should be improved to make the system more 
efficient. The reasons for not implementing these measures yet are high investment costs (e.g. for new fans, chillers, 
etc.) and an insufficient knowledge on the real operating cost savings. 
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Therefore the relationship with the building owners and system operators as well as with the involved technical 
offices and local governmental organisations was productive and output-oriented. The building owners were helpful 
and supportive, providing the information required, presumed that it was available.  
For most FTs and CS’s basic floor plans and HVAC schemes have been provided. Also basic information on the 
HVAC system (capacity installed, refrigerant, year of installation, etc.) could be provided. To structure this 
information a simple checklist has been facilitated for the building owners. Based on this information it has been 
possible to gain more detailed information on HVAC components (chillers, fan coils, split systems, etc.) from the 
product specification sheets.  
However, in most cases it has not been possible to receive more detailed information on construction details (U-
values, air tightness, etc.), installed auxiliary equipment and components (pumps, fans, heat rejection system, etc.), 
cooling loads, set-points and control strategy in advance. It was tried to gather this information during the on-site 
inspection, which was partly possible for installed equipment, set-points and control strategy but difficult for 
building construction details and cooling loads.  
Energy consumption details were not available for most FTs and only partly for the CS’s. The reason was that no 
records of energy consumption for HVAC components have been available and energy bills for the whole building 
have not been provided. Also it was not possible to gain insight in the BMS system records, which would have been 
interesting and helpful. Without any records on energy consumption or operation time it has been difficult to analyse 
energy saving possibilities in detail or quantify them. This, however, means that a meaningful report or decision-
making basis is not possible. 
During the on-site inspection the inspection team was always accompanied by one in-house technician. Access was 
provided to most components, so visual inspection was almost always possible. However it was not possible to open 
packaged components or interfere with the actual operation mode (e.g. because of measurements). Measurements 
were accomplished together with the in-house technicians were possible (depending on accessibility of the 
components and acceptance of the building owner).  
A particular problem was the timing of the inspection. Most on-site inspections were planned for May, June and July 
when there is normally cooling demand in Austria. However, on some days outdoor temperatures were quite low and 
therefore the chiller was not working and could not be inspected under operation. This rises the question on what to 
do if this situation occurs in regular practice: does the inspection have to be moved to another date or take place as 
planned but without measurements or inspections during operation of the chiller.  
Also inspection has been difficult if the in-house technicians were not familiar with the system installed (e.g. 
regulation and control strategy, layout of pipes and ducts, etc.) or if there was no particular person responsible for the 
system.  
The inspection of the large hospital was one of the most challenging inspections accomplished because it was 
absolutely impossible to interfere with the operation of the system. Also the system was almost too big to overlook in 
a reasonable time while the in-house technicians already had a comprehensive knowledge on what should be 
improved.  
Generally a standardised procedure on documents required for pre-inspection and tools to organise these documents 
would be helpful. Also it would be helpful to have an easy understandable guideline for the on-site inspection so that 
the in-house technicians know what to expect and can brace their selves up for the inspection. A standardised 
compilation of material gathered and prepared during the first inspection would reduce the time needed for the 
follow-up inspections. 
Some of the building owners and in-house technicians were very interested in the findings and proposed energy 
efficiency measures. However, both the English HARMONAC-report and the Austrian inspection certificate did list 
the proposed measures but did not explain the outcome of the inspection in a form that was logically and motivating 
for the owner, which was partly due to a lack of English language skills. In order to enhance motivation for taking 
action after the inspection a meeting with the building owner and the in-house technicians was organised, the reports 
were discussed and the proposed measures explained in detail. There was a lot of positive feedback on this activity 
and it is assumed that such a personal consultancy would enhance the chance of implementation of the proposed 
measures. 
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6.1.10 FINAL  SUMMARY 
Generally almost all systems inspected within the CS’s and FTs have been in good condition but nevertheless 
possibilities for improvements have been found for all systems. The operators of the systems have already been 
aware of some of the energy conservation opportunities, others have been new to them. The reason why the already 
known energy saving potentials have not been implemented yet, was that either the investment costs would have 
been too high or that the system was relatively new and components would not be changed before the end of their 
life cycle. 
While FTs have been based only on desk research and on-site inspection, the data basis available for CS’s has been 
much more comprehensive: detailed documentation (e.g. energy performance certificate, planning details), 
monitoring data, simulations, former inspections or research projects, etc. This allowed a very detailed analysis of 
the systems and the ECOs. While the ECOs found during the FTs have often been more obvious and general (e.g. 
installation of energy meters, modification of control strategy, cleaning of filters, etc.), more specific ECOs could be 
identified during the CS’s.  
However, the motivation to take part in the studies has been different for FTs and CS’s. While participation in CS’s 
was based on an already comprehensive information basis with the motivation to find some more starting points for 
improvement, participation in FTs was motivated by fulfilling the legal requirements and become a forerunner in 
receiving the inspection certificate. Considering this precondition it was slightly surprising that after finishing of the 
FT reports and final meeting with the operators many of them seemed to be motivated to implement or at least think 
about implementation of some of the ECOs. This may also be related to the fact that many of the ECOs found during 
FTs can be realised without major investment costs (e.g. modification of control strategy, switch off equipment when 
not used, etc.). For the CS’s it is not sure how many of the ECOs will be implemented as many of them consider 
adaptations of the whole system like exchange of system components (e.g. fans or chillers).  
Regarding inspection timings, which have been analysed for CS’s and FTs respectively, about one to two days have 
been required for pre-inspection and on-site inspection. This average includes very short inspections, like the one of 
a packaged system supplying a very small zone with about 4 hours as well as the inspection of a big hospital with a 
time consumption of over 59 hours. However, these timings do not include organisational tasks like establishment of 
a contract or information to the owner before the agreement to take part in the FT or CS as well as travel times.  
The length of the inspections allows two conclusions: On the one hand it should be tried to reduce inspection 
timings, e.g. by using checklists and guidelines, training of inspectors, etc. but also through gaining more practical 
experience. On the other hand the report should be suitable to provide information on the energy savings to be 
achieved. This was already a major goal of the HARMONAC project and could not be reached in most FTs as there 
was no data on energy consumption or readings of operation hours available. In their own interest building owners 
should therefore be committed to keep a minimum of records to allow control of energy consumption and make sure 
that instruments as the regular inspection of AC systems are meaningful and reasonable. 
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6.2 OVERVIEW OF  CASE  STUDIES  AND FIELD  TRIALS  IN  BELGIUM  
This report summarizes the case studies and field trials undertaken in Belgium. This work represents 6 case studies 
and 21 field trials 
6.2.1 SUMMARY 
Six Case Studies (CS) and 21 Field Trials (FT) have been carried out in Belgium. The CS were organised by the 
University of Liège with the support of the Walloon Region for some of the cases. All CS are office buildings from 
medium to large size. The conditioned floor areas range between 4200 and 42000 m². The cases are all located in the 
southern part of Belgium (Wallonia) or in Brussels (3 cases). HVAC systems analyzed are of different types: all air 
(VAVs), AHU with termina units (fan coils, induction units). Heating is generally provided by gas boilers while 
cooling is provided by air-cooled or water-cooled chillers. In some buildings, local Room-Air-Conditioners are 
present for some specific rooms (computer rooms). All cases are relatively new, the oldest building was built in the 
seventies. Most buildings are largely glazed. 
CS were submitted to Inspection and long term measurements, to verify: 
• The energy consumptions and its disagregation into the different energy consumers 
• Control strategy of centralized HVAC system; 
• The quality of the measurements provided by the installed BMS for energy monitoring purposes; 
• ECOs assessment. 
FTs were conducted on typical issues related to specific systems in office buildings. Therefore, critical problems 
were selected, a short inspection was conducted on site and the assessment of the effect of an improvement of a 
specific aspect of the system. ECOs were evaluated on each system using the simulation tools developed by the 
University of Liège (SimAudit) given practical implementation of the modifications was not always feasible. 
When available, the installed BEMS was used to provide measurements on the systems. Therefore, a contact was 
taken with the energy managers of the building in order to make easier the access to the BEMS and the interaction 
with the systems. In one case (an office building in Charleroi), an Internet connection was established in order to 
allow direct and remote access from the research team to the monitoring data. Additional sensors were installed, to 
provide information on variables not measured by the BEMS. This was the case for instance for the electrical data, 
which either are not measured to a large extent in buildings or are not archived on the same monitoring system as the 
one used for HVAC data. In some of the cases, a 2 years continuous monitoring was realized. Measured energy data 
have been processed and correlated with outdoor climate conditions. Measurement of weather data was realized 
either on-site, using a dedicated weather station installed by the research team or using data provided a weather 
station situated close to the building site. 
 
A number of ECOs were evaluated by means of either short term tests or simulation tools (SimBench and SimAudit). 
ECOs evaluations were also addressed by the field trials conducted on specific systems. 
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6.2.3 Overview  of  the  Buildings  
 
The buildings studied are mostly office buildings, with floor area ranging from 6000m² to 88000m². They are all 
equipped with centralized heating and cooling production systems. The heating is handled by gas boilers while the 
cooling is produced with either water or air cooled chillers. The most frequent secondary equipments include fan coil 
units and radiators. The main characteristics are listed in table 1. 
 
  BE_CS1 BE_CS2 BE_CS5 BE_CS6 BE_CS7 BE_CS8 
City Namur Brussels Liège Charleroi Liège Brussels 
Building type Offices Offices Offices Offices Offices Offices 
Construction year 1999 1995 2003 End of 1980's 1975 1970's 
Conditioned area [m²] 31440 42000 4265 7220 22770 9610 
Heating capacity [W/m²] 100 178.6 140.7 132.1 87 145.2 
Cooling capacity [W/m²] 75.6 91.4 75.5 82.8 114.6 106.7 
Heating production  Gas boilers Gas or oil boilers Gas boilers Gas boilers Gas boilers Gas boilers 
Cooling production Air-to-water  chiller 
Water-to-water 
chiller 
Dual condenser 
chiller 
Air-to-water
chiller 
Water-to-water 
chiller 
Water-to-water
chiller 
Annual fuel  
consumption [kWh/m²] 91.1 178 352 159.1 135 100 
Annuel electricity  
consumption [kWh/m²] 87.7 321 365 192.6 173 114.2 
Table 1: main buildings characteristics 
 
 
Figure 3: Belgian CS 2 (Brussels, 88000 m²) 
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6.2.4 Monitoring  
 
The experience in Belgium shows that the monitoring of the installation is a crucial aspect of the audit procedure. 
The monitoring should be as precise as possible, so that the understanding of the building dynamics is accurate. The 
monthly bills are the required information to calibrate some simulation models, but more detailed figures are needed 
when one wants to detects potential problems in the building operations. 
If a BEMS is installed, the monitoring is sometimes possible through it. If there was no BEMS present or if the 
available information is not sufficient, additional sensors were used. 
For the Belgian case studies, the BEMS measurements were used when possible, sometimes through an Internet 
remote connection. Additional sensors were systematically used in the context of short term monitoring campaigns 
dedicated to specific aspects of the systems. 
For BE-CS1, a two years (almost) continous recording of a selection (made by the research team) of the measured 
variables was realized. Additional sensors were installed to measure more in details the electrical consumptions (17 
electrical counters were installed in the building) as well as the weather. It was indeed observed that the 
measurements provided by the BEMS were not reliable at all for the ambient temperature. This is illustrated by the 
figure below which shows a comparison between the ambient temperatures measured by the BEMS (there are two 
sensors available located on the east facing as well as on the west facing façade) with the temperature measured by a 
reference sensor located on the north side. The figure shows that all sensors give the same value during the night 
(which demonstrates that no serious offset occurs between the sensors) but, due to the influence of solar radiation, 
large discrepancies (up to 15°C) may be experienced during the day. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 : comparison of several sensors to measure the ambient temperature on different facades (east (blue), south 
(brown), west (red), north (magenta)) 
On BE-CS2, a long term monitoring was also conducted on some parts of this very big building. The study mainly 
focuses on the chiller system as well as to observation of comfort conditions in typical rooms. 
On BE-CS5 measurements of the BEMS were not available. Consequently, monitoring campaigns were carried out 
by the research team. 
BE-CS6 was the case where the most intensive work was carried out and where a large proportion of the resources 
devoted to this project were allocated. 
BE-CS7 provided also some data recorded by the BEMS, which were complimented by data retrieved from 
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Fig. 5: General view of BE-CS7 building 
Finally, for BE-CS8, a good contact was established with the manager of the building and the BEMS provider. 
Monitoring demonstrated on several cases to be a useful resource in order to detect problems in the energy use of 
buildings and to identify potential sources of Energy Conservation Opportunities. 
As an example of this, one of the most energy saving ECO in Belgium was detected thanks to an hourly monitoring 
of some electrical values in an office building in Charleroi. The energy counters were installed by the University of 
Liège. On figure 6, we can follow the electrical consumption of a pulsating fan (GP2, blue curve), an extracting fan 
(GE2, red curve) and air-to-water chiller (chiller, green curve). This simple graph immediately shows that the fans 
are operating 24h/24h on week days. Adapting the schedules of operation of this HVAC system leads to a dramatic 
decrease in the building energy consumption: -15% for electricity and -42% for gas. 
 
Figure 6: Hourly electrical consumption of an HVAC system (Charleroi) 
 
6.2.5 Use  of  Simulation  Tools  
An important task under responsibility of the University of Liège, a sequence of tools were developed to assist the 
inspection process by simulating the behavior of multi-zone buildings: SimBench and SimAudit. The latter tool was 
broadly used throughout the project to evaluate the energy savings of different ECOs. Such tool is of great help, 
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6.2.6 ECOS  ASSESSMENT 
The ECOs that were evaluated in Belgium are listed in table 2.  
Table 2: List of investigated ECOs in the Belgian case studies 
  Description 
O4.9 Reduce air flow rate to actual needs 
P2.6 Replace or upgrade cooling equipment and heat pumps 
E3.9 Use double or triple glaze replacement 
E4.6 Replace lighting equipment with low consumption  types 
P3.4 Use the best class of AHU 
E3.4 Add insulation to exterior wall externally 
O2.2 
O2.3 Shut off A/C equipments and auxiliaries when not needed 
O4.1 Consider modifying the supply air temperature (all–air and air–and–water systems) 
P3.9 Introduce exhaust air heat recovery 
E2.4 Correct excessive envelope air leakage 
E3.1 Upgrade insulation of flat roofs externally 
E4.5 Replace electrical equipment with Energy Star or low consumption types 
E4.8 Introduce daylight / occupation sensors to operate lighting switches 
O2.2 Shut off A/C equipments when not needed 
O2.5 Adjust internal set point values to external climatic conditions 
O3.20 Apply indirect free cooling using the existing cooling tower (free chilling) 
O4.2 Perform night time over ventilation 
P2.5 Improve central chiller / refrigeration control 
P3.10 Consider applying demand-controlled ventilation 
P3.11 Generate possibility to increase outdoor air flow rate (direct free cooling) 
P3.12 
O4.6 Replace ducts when leaking/Eliminate air leaks (AHU, packaged systems) 
P3.2 Relocate motor out of air stream 
P3.3 Use the best EUROVENT class of fans 
P3.6 Apply variable flow rate fan control 
P4.1 Use the best class of pumps 
In table 3, they are sorted by decreasing number of occurrences. For each of them, the range of achieved energy 
savings is given. 
Table 3: Savings observed when implementing ECOs in Belgian case studies 
  Occurrences 
Highest gas 
saving [%] 
Lowest gas
saving [%] 
Highest elec
saving [%] 
Lowest elec 
saving [%] 
O4.9 4 -53.2 -6.9 -3 5.9 
P2.6 4 -98 0 -1 15 
E3.9 3 -17 -7 -11 4.3 
E4.6 3 1.5 9 -14.4 -4.7 
P3.4 3 -26.6 -11.5 0 4.5 
E3.4 2 -14 -1.8 0 0.3 
O2.2 
O2.3 2 -55 -42 -19 -15 
O4.1 2 -3 -2 0 4 
P3.9 2 -53 -18 1 5 
E2.4 1   -0.9 0.1 0.1 
E3.1 1 -0.2 -0.2 0 0 
E4.5 1 4.2 4.2 -11.5 -11.5 
E4.8 1 0 0 -4.9 -4.9 
O2.2 1 -21.8 -21.8 -3.1 -3.1 
O2.5 1 -4 -4 0 0 
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O3.20 1 0 0 -1.5 -1.5 
O4.2 1 -0.2 -0.2 0 0 
P2.5 1 0 0 -12 -12 
P3.10 1 6 6 -9 -9 
P3.11 1 -5 -5 -4 -4 
P3.12 
O4.6 1 -1 -1 -4 -4 
P3.2 1 5.9 5.9 -2.3 -2.3 
P3.3 1 0.3 0.3 -1.1 -1.1 
P3.6 1 6 6 -8 -8 
P4.1 1 0.5 0.5 -1.8 -1.8 
Most of these ECOs have been simulated (SimAudit). Indeed, it is often difficult to actually implement the changes 
advised by the inspection. The structural changes imply time and money. The changes in management could concern 
the building managers in terms of comfort conditions for the occupants. In the frame of the HarmonAC project, they 
require excellent cooperation with the building manager. 
However, given the quality calibration process, we can be confident in the figures from table 1. Some ECOs have 
been considered several times (E3.9, E4.6, O2.2, O4.9, P2.6, P3.4...). It indicates that these are key points to be 
assessed during the inspection in Belgium.  
The largest energy saving in gas is achieved via P2.6. The gas consumption is reduced by 98% by replacing the 
actual chiller with a double condenser heat pump. This ECO leads also to an increase in electrical consumption. This 
antagonism in the effects on the electricity and gas consumption happens regularly. It is then better to consider the 
impact on the primary energy level, which remained positive for almost every ECO. 
The grouped ECOs O2.2 and O2.3 have a very large potential on both electricity and gas consumptions. This has 
been shown in two different cases. Moreover, they deal with management issues that could be quite easily solved, at 
low cost. They should be implemented as a top priority. 
6.2.7 SELECTION  OF  ECOS  
This section will focus on 5 ECOs, representative of what was found during the project. Two of them are about the 
envelope, two other about organization and management and the last one is about the plant. 
O2.2 & O2.3: Shut off A/C equipments when not needed & Shut off auxiliaries when not required 
The system of interest is the HVAC control system of an administrative building. A BEMS system is installed to 
allow rational operations of the building. It handles all the data necessary data to control the HVAC system 
(temperatures, pressures, air flows, schedules...). 
Parameter 
Installed 
electrical 
load / kW 
Floor area 
served / 
m2 GIA 
Installed 
capacity 
W/m2 GIA 
Annual 
consumption 
kWh 
Average 
annual 
power 
W/m2 
Annual use 
kWh/m2 
Averag
e 
annual 
power 
(% FLE) 
Total Chillers nominal 
cooling 
 capacity (cooling output) 
  
1.825,0  
  
24.150,0           75,6         
Total Chillers 578,0 24.150,0 23,9 363.000,0 1,7 15,0 7,2 
Total CHW pumps               
Total fans               
Total humidifiers               
Total boilers ELECTRICAL               
Total HW pumps               
Total HVAC electrical   
  
31.440,0   749.000,0  2,7 23,8   
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Total Building Elec kWh   
      
31.440,0      
    
2.756.389,0  
  
10,0  
  
87,7    
Total Boilers/Heat kWh         3.150,0  
      
31.440,0   
            
100,2  
    
2.865.030,0  
  
10,4  
  
91,1  10,4 
Total Building Gas/Heat 
kWh         3.150,0  
      
31.440,0  
            
100,2  
    
2.865.030,0  
  
10,4  
  
91,1  10,4 
Table 4: main characteristics of the considered building 
The change consists in applying temperature set points only when the workspaces are really occupied. Indeed, some 
types of offices are occupied from 9 AM to 5 PM, but some others only in the morning or only in the afternoon.  
Table 5 lists the results of the simulations. The annual heating and cooling demands have been computed on an 
hourly basis for a representative section of the building, and then scaled to take into account the entire building. 
These simulations have been undertaken with a calibrated model in TRNSYS. 
 
 Reference case O2.2 & O2.3 Difference % 
Heating demand, kWh 1729155 769999 -55 
Cooling demand, kWh 349438 102649 -71 
Table 5: simulation results 
These results have to be translated to understand the effect of the changes on the global energy consumption of the 
building. This step is very easy for the heating part, because the boilers are the only gas consumers. For the 
electricity, on the other hand, the rise of the cooling load will have an impact on the chiller consumption which is 
only a part of the global electricity consumption. Some realistic hypothesis to disaggregate the electricity 
consumption of the building had to be made. 
Table 6 lists the results of the simulation regarding the total building energy consumption. 
 Reference case O2.2 & O2.3 Difference % 
Gas consumption, kWh 2865030 1275809 -55 
Gas consumption, kWh/m² 91,13 40,58 -55 
Electricity consumption , kWh 2756389 2222193 -19 
Electricity consumption , kWh/m² 87,67 70,68 -19 
Table 6: impact on the global energy consumption 
P2.6: Replace or upgrade cooling equipment and heat pumps 
 
The case study building considered here is a laboratory building erected in 2003 in the region of Liège. It is occupied 
by a pharmaceutical company. 
The building can be divided in several zones: 
• Zone 1 : offices (about 1602 m2); 
• Zone 2 : technical room (about 1852 m2); 
• Zone 3 : laboratories (about 1492 m2); 
• Zone 4 : sanitary facilities (about 585 m2); 
• Zone 5 : “logistic” rooms(about 585 m2). 
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The envelope is made of glazing and weatherboarding for the other walls. Two condensing boilers of 300 kW are 
used for hot water production. The chilled water is produced by a new air cooled chiller of 322 kW, since 2007.  
Offices are ventilated with a constant flow rate of 5050 m³/h of 100% fresh air from 6:00 to 20:00 thanks to a double 
flux air handling unit (AHU). This AHU is working first to ensure the hygienic flow rate and secondly to reach the 
temperature set point of the zone. It is composed of two filters, one glycol water recovery loop, one heating coil, one 
cooling coil and two fans (pulsing and extracting). There is no control of humidity in the offices’ zone. There is 
another AHU dedicated to central meeting rooms located in the centre of this zone. This AHU works with full air 
recirculation and ensures the conditioning of this space.  
The technical room is not ventilated and the quite constant temperature of about 23°C is due to the heat losses of 
HVAC equipments (AHU, boilers, ducts, …). 
Laboratories (ground floor) are ventilated with 100% fresh air at a constant flow rate of 33000m³/h. This huge flow 
rate ensures ventilation of the two parts of the laboratories (about 1500m²). Extraction is made with the same flow 
rate. There are three AHUs dedicated to this zone. They ensure the follow-up of the temperature set point (23°C). 
Two of them are equipped with humidification device (steam generator). 
The fourth zone (sanitary facilities) is not air conditioned but classical water radiators are used during the winter 
period. The temperature is maintained around 23°C. 
The fifth zone (storage & warehouse) is air conditioned with several heating and cooling terminal units. 
The idea here was to focus on the replacement of the cooling and heating heat pumps. The retrofit option consists in 
replacing the existing air cooled chiller by a dual condenser chiller allowing heat recovery. It is proposed to use the 
hot and humid exhaust ventilation air extracted from the building as a heat source for heat pumping. This system 
would be added downstream to the existing air-to-air glycol recovery system. The selected heat pump has a rating 
COP of 3.05. 
The evaluation of these ECOs has been made by performing annual simulations on a typical meteorological year by 
mean of a calibrated simulation model. Each ECO is evaluated in terms of gas, electricity, primary energy 
consumption (factor 2.5) and CO2 emissions. The results are listed in table 7. 
 Variation [%] 
Electricity (global) consumption 15 
Natural gas consumption -98 
Primary Energy (factor 2.5) consumption -10 
Table 7: exhaust air heat pump results 
 
E3.9: Use double or triple glaze replacement 
The purpose of the field trial, performed in an administrative building in Namur, is to simulate the impact of the 
replacement of the actual double glazing with a more efficient one. The characteristics are listed in table 8. 
 
 Actual New 
Format [mm] 4/16/4 6/16/6 
U glazing [W/m²K] 2,83 1,26 
G [-] 0,755 0,397 
Table 8: glazing characteristics 
The effect of such a change on the gas and electricity consumptions should be positive. Indeed, given that the solar 
gains will decrease (lower g coefficient), the cooling needs will be lower in the summer. For the same reasons, the 
heating needs will slightly rise during winter, but this effect should be counter-balanced by the important decrease of 
the U value. An annual TRNSYS simulation, on an hourly basis has been run to quantify these effects. 
Table 9 lists the results of the simulation regarding the total building energy consumption. 
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 Reference case BE_FT3 Difference % 
Gas consumption, kWh 2865030 2511382 -12 
Gas consumption, kWh/m² 91,13 79,88 -12 
Electricity consumption , kWh 2756389 2459466 -11 
Electricity consumption , kWh/m² 87,67 78,23 -11 
Table 9: impact on the global energy consumption 
E4.6: Replace lighting equipment with low consumption types 
The system of interest is the lighting system of an office building. It is composed of incandescent lights and classical 
neon tubes. Currently, the power density of lighting reaches 12W/m². The incandescent lights would be replaced by 
low consumption ones, and the classical neon tubes by high efficiency tubes. The power density would be reduced 
by 30%, reaching 8,4 W/m². The characteristics of the building of interest are visible in table 10. 
Parameter 
Installed 
electrical 
load / kW 
Floor area 
served / m2 
GIA 
Installed 
capacity 
W/m2 GIA 
Annual 
consumption 
kWh 
Average 
annual 
power 
W/m2 
Annual 
use 
kWh/m2 
Average 
annual 
power (% 
FLE) 
Total Chillers nominal  
cooling capacity (cooling output)          245,0          2.960,0             82,8          
Total Chillers          120,0          2.960,0             40,5  
        
149.459,0             5,8           50,5  14,2 
Total CHW pumps              2,0          2.960,0               0,7          
Total fans            28,0          2.960,0               9,5  
        
122.377,0             4,7           41,3  49,9 
Total humidifiers               
Total boilers ELECTRICAL               
Total HW pumps              4,5          7.220,0               0,6          
Total HVAC electrical               
Total Building Elec kWh           2.960,0    
        
570.217,0           22,0         192,6    
Total Boilers/Heat kWh          954,0          7.220,0           132,1  
     
1.148.568,0           18,2         159,1  13,7 
Total Building Gas/Heat kWh          954,0          7.220,0           132,1  
     
1.148.568,0           18,2         159,1  13,7 
Table 10: main characteristics of the considered building 
Table 11 lists the results of the simulations. The impact is positive on the electricity consumption (lower internal 
gains in summer and thus lower cooling needs) and negative on gas consumption (lower internal gains in winter and 
thus higher heating needs). However, it should be noticed that the results are expressed in final energy. In primary 
energy, the electricity consumption should be multiplied by about 2,5, definitely pointing out the benefits of such an 
ECO. 
 Reference case Low consumption 
lighting 
Difference % 
Gas consumption, kWh 466532 510648 +9 
Gas consumption, kWh/m² 157,61 172,52 +9 
Electricity consumption , kWh 462888 415768 -10 
Electricity consumption , kWh/m² 156,38 140,46 -10 
Table 11: impact on the global energy consumption 
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6.2.8 Conclusion  
The case studies and field trials undertaken in Belgium confirm the predominant role of monitoring. The evaluation 
of the building performance is dependant of relevant and well placed sensors. 
The different studies also highlight the fact that the building energy managers are not always aware of their own 
installations and/or regulation strategies. Above all, they are concerned with the inside comfort conditions. The 
objective of minimizing complaints from the occupants often outclasses energy savings policies. 
From the ECOs evaluation, one can notice the high energy savings that can be achieved with low cost management 
changes. 
Looking at the results, the audit procedure allows substantial energy savings in every case. One can hope that the 
implementation of the Energy Performance of Buildings Directive will actually lead to significant energy savings in 
this field. 
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6.3 OVERVIEW OF  CASE  STUDIES  AND FIELD  TRIALS  IN  FRANCE  
6.3.1 BRIEF  DESCRIPTION  OF CASE STUDIES  AND  FIELD  TRIALS   IN  FRANCE 
Table 1 and table 2 present respectively the field trials and the case studies undertaken in France. 
 
Table 1 FT brief descriptions 
 
Table 2 CS brief descriptions 
Globally, the system types involve a representative market view of air-conditioning systems in France. 
Audited and inspected buildings are mainly office buildings. 
FT‐FR1 Paris
Educational  facility / 
Auditorium
Centralised/All  air system/Single 
Zone/Direct expension unit
FT‐FR2 Paris Telephone /Data Entry
Centralised / Air&Water system/ 
Absorption
FT‐FR3 Nice
Educational  facility / 
Computer lab & offices
Packaged Units
FT‐FR4 Nice
Educational  facility / 
Auditoriums
Centralised / Air and water
FT‐FR5 Nice
Educational  facility / 
Laboratories  & Offices
Centralised / All  water
FT‐FR6 Paris Offices Centralised / All  Water
FT‐FR7 Paris Offices Centralised  / Air‐Water system
FT‐FR8 Agen Health and Care Local  system / VRF units
FT‐FR9 Lyon Offices Centralised / All  water
FT‐FR10 Lyon Offices Centralised / All  water
FT‐FR11 Paris Offices Local  system / VRF units
FT‐FR12 Paris Offices Centralised / All  air
FT‐FR13 Paris
Chil led water network 
supplier
Centralised / All  water
FT‐FR14 Paris Offices Centralised / All  air
FT‐FR15 Marseil le  Offices Centralised / All  water
FT‐FR16 Nantes Offices Centralised / Air and water system
FT‐FR17 Rennnes Offices Local  system / VRF units
FT‐FR18 Nantes Offices Local  system / VRF units
FT‐FR19 Nantes Offices Local  system / VRF units
FT‐FR20 Nantes Offices Local  system / VRF units
Country: 
France
Case Study Name Location Dominant end use served Type of AC system
CS‐FR1 Paris Educational  facil ity / Auditorium Centralised/All  air system/Single Zone/Direct expension unit
CS‐FR3 Marseille  Offices Centralised / All  water
CS‐FR4 Paris Offices Centralised  / Air‐Water system
CS‐FR5 Paris Offices Centralised / All  Water
CS‐FR7 Rennes Offices Local  system / VRF units
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6.3.2 OVERVIEW  OF  ONSITE  VISIT  USED  FOR  INSPECTION  AND  AUDIT 
Globally, inspected and audited building and systems are not well documented. In order to complete information 
required to have good quality conclusions for each case study and field trial, an onsite visit was done. 
Our onsite-visits of the building and air-conditioning system involve the following observations: 
• There are possible health and safety problems (Legionnaire's disease, electricity) 
• Where is the equipment? The maintenance staff knows where the equipment is. 
• Possible problems and means of investigation are known by operators. 
6.3.3 SUMMARY OF  CASE  STUDIES  VERSUS  ECOS   IN  FRANCE  
The identified ECOs which have been quantified in case studies are presented in the following table. 
 
Table 3 
This table shows the highest identified savings are frequently those associated with a better control of AC system, an 
upgrade of cooling equipment and the replacement of lighting equipment. 
6.3.4 TIME TAKEN  FOR  AN   INSPECTION   IN  FRANCE  
Field trials of Harmonac project were used to quantify the time taken for a whole inspection procedure. The results 
have been separated between two main steps (Pre-inspection i.e. data collection without field visit and inspection i.e. 
field visit). The three following tables summary the results of 20 field trials by pre-inspection item (table 1), 19 field 
trials by inspection item for centralized systems (table 2) and 1 field trials by inspection item for a packaged system 
(table 3). 
Analysis of data shows there is a big discrepancy between the field trials for several pre-inspection items (PI9, PI10, 
PI11, PI17). Even if the building size has an influence on time taken, documentation availability is the key point of 
the gap between field trials. 
ECO CODE
Energy 
savings 
kWh/m²
 P2.6 Replace or upgrade cooling equipment and heat pumps   67
 O2.2 Shut off A/C equipment when not needed   30
 O2.3 Shutt‐off auxil iary when not required   16
 O2.2 Shut off A/C equipment when not needed   6
 O2.3 Shut off circulation pump when not required   5,75
 ECO P3.3 Use an efficient fan   5
 O2.3 Shutt‐off auxil iary when not required   5
 P3.9 Introduce exhaust heat recovery   4
 O2.3 Shut off circulation pump when not required   3,61
 P2.6 Replace or upgrade cooling equipment and heat pumps    3
 E4.6 Replace Lighting equipment with low consumption type   2,8
P1.7 Reduce power consumption of auxil iary equipment   2,6
 E4.5 Replace electrical  equipment with Energy Star or low 
consumption types   
2
 O4.16 Consider the possibil ity to increase the water outlet – 
inlet temperature difference and reduce the flow rate for 
pumping power reduction  
1
 P2.2 Reduce compressor poxer or fit a smaller compressor   1
 P4.1 Use the best class  of pump   1
 O2.6 Implement a pre‐occupancy cycle   ‐1,27
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Table 4 Time taken for Pre-inspection  
These discrepancies have directly a consequence on time taken of inspection items: in order to complete the 
description of refrigeration plant (PC1), there is standard deviation which corresponds to roughly 60% of the average 
time taken (table 5). 
 
Table 5 Time taken for centralised systems 
Pre‐Inspection data ‐ mainly Building Description
Inspection Item Short Description Average time (mins) S.Dev time (mins)
PI1 Location and number of AC zones 8,7 6,7
PI2 Documentation per zone 12,2 4,3
PI3 Images of zones/building 10,3 1,2
PI4 General zone data/zone 18,9 8,3
PI5 Construction details/zone 19,2 6,9
PI6 Building mass/air tightness per zone 9,7 6,7
PI7 Occupancy schedules per zone 1,8 2,3
PI8 Monthly schedule exceptions per zone 15,3 9,5
PI9 HVAC system description and operating setpoints per zone 9,8 13,1
PI10 Original design conditions per zone 10,1 15,1
PI11 Current design loads per zone 24,2 18,6
PI12 Power/energy information per zone 1,9 0,3
PI13 Source of heating supplying each zone 1,9 0,3
PI14 Heating storage and control for each zone 1,2 0,9
PI15 Refrigeration equipment for each zone 9,3 3,2
PI16 AHU for each zone 11,2 6,4
PI17 Cooling distribution fluid details per zone 11,4 15,1
PI18 Cooling terminal units details in each zone 8,9 10,5
PI19 Energy supply to the system 1,0 0,0
PI20 Energy supply to the building 1,0 0,0
PI21 Annual energy consumption of the system 0,9 0,2
PI22 Annual energy consumption of the building 1,3 1,0
TOTAL AVERAGE TIME TAKEN (minutes) 190,2 67,9
TOTAL AVERAGE SECONDS PER UNIT AREA (seconds/m2) 35,5
Centralised Systems data
Inspection Item Short Description Average time (mins) S.Dev time (mins)
PC1 Details of installed refrigeration plant 115,9 74,3
PC2 Description of system control zones, with schematic drawings. 32,5 15,6
PC3 Description of method of control of temperature. 7,6 7,2
PC4 Description of method of control of periods of operation. 26,7 17,0
PC5 Floor plans, and schematics of air conditioning systems. 16,7 8,3
PC6 Reports from earlier AC inspections and EPC’s 24,5 19,0
PC7 Records of maintenance operations on refrigeration systems 7,7 4,9
PC8 Records of maintenance operations on air delivery systems. 52,5 14,9
TOTAL (minutes) 274,1 161,2
TOTAL (seconds/m2) 33,2
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Table 6 Time taken for centralised systems 
Packaged Systems data
Inspection Item Short Description Average time (mins)
PP1 List of installed refrigeration plant 150
PP2 Method of control of temperature. 5
PP3 Method of control of periods of operation 5
PP4 Reports from earlier AC inspections and EPC’s 1
PP5 Records of maintenance operations 1
PP6 Records of maintenance (control systems and sensors) 1
PP7 Records of sub-metered air conditioning plant (use or energy) 1
PP8 Design cooling load for each system 25
PP9 Description of the occupation of the cooled spaces 5
P1 Review available documentation from pre-inspection 1
P2 Locate the plant and compare details with pre-inspection data 1
P3 Locate supply to the A/C system and install VA logger(s) 50
P4 Review current inspection and maintenance regime 1
P5 Compare size with imposed cooling loads 1
P6 Compare records of use or sub-metered energy with expectations 1
P7 Locate outdoor plant 10
P8 Check for signs of refrigerant leakage. 20
P9 Check plant is capable of providing cooling 40
P10 Check external heat exchangers 15
P11 Check location of outdoor unit 0
P12 Assess zoning in relation to internal gain and orientation 15
P13 Check indicated weekday and time on controllers against actual 1
P14 Note the set on and off periods 15
P15 Identify zone heating and cooling temperature control sensors. 15
P16 Note set temperatures in relation to the activities and occupancy 1
P17 Provision of controls or guidance on use while windows open 7
P18 Type, age and method of capacity control of the equipment 15
P19 Write report 120
TOTAL AVERAGE TIME TAKEN 523
TOTAL (seconds/m2) 151
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6.3.5 ENERGY  CONSERVATION  OPPORTUNITIES  IN  FRANCE  
As one of the main outputs of the Harmonac project is a proposal of inspection procedures to identify potential 
energy savings, we focus our analysis on Energy Conservation Opportunities which have been found in field trial. 
The highest identified energy savings for field trials in France are presented in the following table. 
 
Table 7 ECOs: highest identified potential in FTs 
This table shows the highest identified savings are a better control of AC system, the introduction of variable speed 
control strategies, an upgrade of cooling equipment and the replacement of lighting equipment. 
Nevertheless, energy savings were difficult to quantify during inspection. 
ECO Energy saving as % of AC energy use
Energy 
saving in 
kWh/m2/pa
Energy 
saving as % 
of building 
energy use
O2.2 Shut off A/C equipment when not needed 9 % 6 3%
O2.3 Shut off circulation pump when not required 8% (AC) 82 % (pump) 1,6  - 5 3%
O2.2 + O2.3 Shut off equipment when not 
needed 55% 1 4%
O4.9 Reduce air flow rate to actual needs 5% (fans) N.A. N.A.
O4.16 Consider the possibility to increase the 
water outlet – inlet temperature difference and 
reduce the flow rate for pumping power 
reduction
5% (chiller) N.A. N.A.
E4.6 Replace Lighting equipment with low 
consumption type 40% (lighting) 2.8 N.A.
P1.5 Generate the possibility to adopt speed 
control strategy equipment 20% (pump) 1.8 N.A.
P2.6 Upgrade cooling equipment and heat 
pumps 4% - 22.5% 1.3 2%
P3.9 Introduce exhaust heat recovery 6% 4 2%
C n rol
Upgrade
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6.3.6 ENERGY  CONSERVATION  OPPORTUNITIES VERSUS  INSPECTION   ITEMS   IN  FRANCE  
In order to produce a cost-effective inspection procedure based on the ECO-list, we proposed to cross-check each 
identified ECOs in French field trial with corresponding inspection item. The results are presented in the following 
table. 
 
Table 8 Inspection items versus ECOs 
Packaged 
unit
Centralised 
system
E4.5 Replace electrical equipment with Energy Star or low 
consumption types
11 * 1 5%
E4.6 Replace Lighting equipment with low consumption 
type
11 * 1 5%
P1.5 Generate the possibility to adopt speed control 
strategy equipment
14 * 2 20%
P1.7 Reduce power consumption of auxiliary equipment 14 ; 18 * 1 5%
P2.1  Minimise effects of external conditions ‐ * * 15%
P2.2 Reduce compressor power or fit a smaller compressor 15 * 1 5%
P2.6 Replace or upgrade cooling equipment and heat 
pumps
15 * 1 20%
P3.1 Reduce motor size (fan power) when oversized 16 * 6 5%
P3.3 Use an efficient fan 16 * 1 5%
P3.11 Generate possibility to increase outdoor air flow rate 
(direct free cooling)
14 * 2 5%
P3.6 Apply variable flow rate fan control 14 * 2 5%
P3.9 Introduce exhaust air heat recovery 9 ; 16 * ‐ 10%
P4.1 Use the best class of pump 12 * 2 10%
P5.4 Consider displacement ventilation ‐ * 5 5%
O1.2 Appoint an energy manager ‐ * ‐ 5%
O1.4 & O1.5 Introduction of benchmark/efficient objective 
in operation contract
‐ * ‐ 5%
O1.6 Update documentation on system / building and O&M 
procedures to maintain continuity and reduce 
troubleshooting costs
‐ * ‐ 15%
O2.2 Shut off A/C equipment when not needed 9 * 1 ; 2 ; 8 25%
O2.3 Shutt off auxilaries when not required 9 * 1 ; 2 ; 8 50%
O2.6 Implement a pre‐occupancy cycle   ‐ * ‐ 5%
O2.7 Sequence heating and cooling ‐ * 1 ; 2 ; 8 15%
O2.9 Electrical balance of equipement ‐ * 1 5%
O3.12 Maintain proper flow rate ‐ * 2 5%
O3.15 Maintain full charge of refrigerant ‐ * 2 5%
O3.16 Clean finned tube evaporator / condenser air side 
and straighten damaged fins
‐ * 2 ; 3 5%
O3.19 Clean and maintain cooling tower circuits and heat  
exchanger surfaces
‐ * 2 ; 4 10%
O3.21 Optimise temperature of water‐cooled systems ‐ * ‐ 10%
O4.14 Clean or replace filters regularly ‐ * 6 10%
O4.15 Repair/upgrade duct, pipe and tank insulation ‐ 4 2 10%
O4.16 Consider the possibility to increase the water outlet 
– inlet temperature difference and reduce the flow rate for 
pumping power reduction
‐ * 2 5%
O4.17 Balance of water network ‐ * 5 5%
O4.19 Shut off pump when not required 14 * 1 ; 2 ; 8 5%
O4.2 & O4.7 Free cooling 14 * 1 5%
O4.21 Repair water leaks ‐ * ‐ 5%
O4.9 Reduce air flow rate to actual needs 16 * 2 25%
if info are available @ Pre‐I stage
‐ no Pre‐I or I item available
* not identified in FR FT
Identified ECOs
Pre‐
inspection 
item n°
Inspection item
Identification 
% (20 FTs)
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Control improvement was the most identified ECO. In order to analyse more precisely this table, we classify 
identified ECOs based on highest identification potentials (table 8) and by indicating the time taken for each pre-
inspection item (table 9) and onsite inspection item (table 10). 
 
Table 9 Time taken during pre-inspection versus highest saving potentials 
For pre-inspection item, the time taken is very low, but if information is not available, there isn’t direct conclusion 
(i.e. identification of ECOs). 
 
Table 10 Time taken during onsite inspection versus highest saving potentials 
The onsite inspection is a time consuming step. Indeed in order to quantify energy savings, measurements 
monitoring and data collection have been used during field trials. 
6.3.7 SIMILAR AC SYSTEM  
As the time consumed could be a limiting factor of inspection cost, we remark that there are existing buildings which 
have been equipped by similar cooling equipment. For example, we illustrate this phenomenon on the following 
picture. If information could be shared between these surveys e.g. energy benchmarks. ECOs identified, etc then this 
could be very valuable to the owner/operators and inspectors. 
 
Picture: Identical VRF units on a building roof. 
Inspection Item Short Description Time (mins) ECOs
ECO Id. % (20 
FTs)
PI9
HVAC system 
description and 
operating set 
points per zone
~ 9 mins
O2.3 Shuttoff auxilaries when 
not required 50%
O2.2 Shut off A/C equipment 
when not needed 25%
PI14
Storage and 
control system 
description 
~ 1 min
P1.5 Generate the possibility to 
adopt speed control strategy 
equipment
20%
PI15
Refrigeration 
equipment 
description 
~ 9 mins P2.6 Replace or upgrade cooling equipment and heat pumps 20%
PI16
Air handling unit 
description  ~ 11 mins
O4.9 Reduce air flow rate to 
actual needs 25%
Co trol
Upgrade
Inspection 
Item
Short 
Description
Time 
(mins)
ECO Id. % 
(20FTs)
C1
System 
documentation
~ 116 
mins
Until 50%
C2
Refrigeration 
plant
~ 33 
mins
Until 50%
C8 System controls
~ 55 
mins
Until 50%
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6.3.8 SUMMARY OF  FIELD  TRIALS  IN  FRANCE  
The field trials illustrate various system types (e.g. VRFs, chilled water systems, cooling coils in air handling units). 
For all these systems, technical data and measurement availabilities are key points to reduce inspection time. 
An enhanced collaboration between maintenance staff and inspector should be an aim, e.g. to locate the equipment, 
to avoid health and safety problems, to identify rapidly problems and potential solutions. Nevertheless, the 
independence of inspector has to be kept. 
In order to prompt an updated documentation, an incentive for the owner/operator should be found. 
In order to prompt a monitoring of equipment and a faster estimation of energy savings, regulators should include an 
incentive for the owner/operator. For example, a new European Standards (Pr EN 15900) which is reviewed up to 
now, establish a definition of contract energy services. Thus, if an energy contract is implemented in a building, it 
could be possible to have a lighter inspection. In the same manner the use an efficient BMS (defined using EN 
15232) should reduce the time consumed. 
In addition, a sample rule could be used in special cases. For example, it could be said: if there are more than 10 
similar units in the building controlled and maintained similarly, only 10% of the systems can be inspected. 
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6.4 OVERVIEW OF  CASE  STUDIES  AND FIELD  TRIALS  IN  GREECE  
6.4.1 EXECUTIVE SUMMARY 
The main purpose of the Harmonac Project was to determine the overall energy consumption and costs of buildings 
and their specific components, such as structure and equipment. Moreover, it was also to generate energy 
improvement opportunities for the buildings and HVAC systems and to estimate the costs of such energy 
improvements and the general project energy savings. 
In order to accomplish the above, twenty five buildings were selected in Greece for inspection, five would act as 
Case studies and twenty as Field Trials. The Case studies involve in greater detail the pre inspection and the 
inspection procedure as well as the collection of information concerning the examined buildings and their HVAC 
system. To collect all the necessary data, appropriate data loggers and energy meters have been placed in selected 
spaces of the buildings for long term monitoring. Problematic areas or systems have been identified and possible 
energy saving solutions suggested. Simulations have also been carried out for the estimation of the corresponding 
savings of the examined energy conservation opportunities.  
On the contrary the Field trials involve a pre-inspection and an on-site inspection of the buildings and systems 
without requiring installation of metering equipment. 
In the framework of this inspection, twenty buildings of various activities and sizes, construction dates and air-
conditioning system types were selected. The CS’s and FT’s consist of buildings such as offices, super markets, 
health centers, conference buildings, town halls and schools which have been constructed between 1970 and 2008.  
For our analysis, all air conditioning systems were classified in two main categories, centralized and non-centralized 
system. Three types of air-conditioning systems, the packaged systems, the air to water heat pumps and the oil 
boilers were mainly studied. Packaged systems and heat pumps usually work in conjunction with air handling units. 
Moreover buildings which were heated, cooled and ventilated by a combination of the above systems were 
examined. In some cases a number of split air units were also installed in rooms with individual needs. Some of the 
examined buildings were naturally ventilated while in most of the cases, ventilation was accomplished mechanically 
through the air-conditioning system. 
As was mentioned before the main aspect of this project was to assess the energy savings arising from the practical 
application of a range of inspection procedures. A wide range of energy conservation opportunities (ECOs) related to 
the building envelope and air-conditioning system, were identified and proposed to the building owners. 
The most important ECOs proposed were: 
Α. Ε 3.1 Upgrade of the insulation of the flat roofs (externally) 
B. E 3.4 Addition of insulation to exterior walls (externally) 
C. E 4.1 Reduction of the effective height of the room 
D. E 4.5 Replacement of the electrical equipment with Energy Star or low consumption types 
E. E 3.9 Usage of triple glaze 
F. P 1.4 Modification of the control system in order to adjust internal set point values to external climatic conditions 
These energy conservation opportunities were identified during the CS and FT inspection procedures while the 
possible energy savings were estimated through simulation techniques. It was concluded that E 3.1 and P 1.4 were 
the most effective ECOS regarding cooling, while E 3.1, E 4.5 E 4.1 were the most effective heating ECOS. 
The cooperation of building owners and in-house technicians was a very important factor influencing the difficulty 
and the duration of the inspections. Generally it was extracted  that both building owners and technicians were very 
cooperative especially when they truly believed at the aspect of the project and also understood that improving the 
efficiency of the building system and envelope means a significant reduction in energy consumption and hence 
accumulated saving on energy bills. A lot of technicians were also very interested in the inspection procedures in 
order to improve the current status of the HVAC systems.  
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The duration of the inspections was also influenced by the cooperation of the building construction companies, 
regarding the collection of the necessary data about the buildings and systems, the size of the buildings and the 
complexity of the building systems. 
6.4.2 INTRODUCTION  
In the framework of the Harmonac Project, twenty five buildings were selected in Greece to be inspected, five of 
them were considered as Case studies and twenty as Field Trials. 
A team of engineers, which are members of the Group of Building Environmental Research Studies, as part of the 
Physics Department of the National and Kapodistrian University of Athens, have worked in order to carry out the 
pre-inspection, inspection, monitoring and analysis of the collected data. This research has been accomplished with 
the contribution of several companies and office buildings located in the greater area of Athens and Crete. 
6.4.3 CASE STUDIES  DATA  ANALYSIS    
In order to carry out the pre-inspection and inspection for the Case Studies, buildings of different sizes and activities 
were selected. Trying to collect the documentation required for the analysis, suggested the cooperation of the 
building owner and employees and this has been regarded as a very important issue. Table 1 gives an overview of the 
examined building characteristics. 
  Main Activity Net area served (m²) Location 
CS 1 Office Building 1000 Athens/Greece 
CS 2 Health - Gym Club 362,2 Chania/Crete 
CS 3 Super Market 1686,5 Chania/Crete 
CS 4 Conference Building 280 Chania/Crete 
CS 5 University Building / Offices and Classrooms 696 Athens/Greece 
Table 1 
The buildings examined in CS1, CS2, CS3 and CS4 are recently constructed and are all equipped with a BMS 
control system, while the one examined in CS5 is an older building in property of the School of Law where the 
HVAC system is manually controlled. CS2, CS3 and CS4 were also constructed by the same company and according 
to the same construction typology.  
Tables 2 and 3 give the basic details of the examined building HVAC Systems. 
HEATING - 
COOLING HVAC System Type Type of Fuel Terminal Units 
CS 1 
Two Single Packaged Systems located at 
the roof of the building/Split air units  Electricity 
 Air supply and air return ductwork/ 
Wall mounted indoor units 
CS 2 
 Air to Water Heat Pump in conjunction 
with an Air Handling Unit  Electricity  Air supply and air return ductwork 
CS 3  Two Rooftop Packaged Units  Electricity  Air supply and air return ductwork 
CS 4 
 Air to Water Heat Pump in conjunction 
with an Air Handling Unit  Electricity  Air supply and air return ductwork 
CS 5 A  Rooftop Packaged Unit  Electricity  Fun Coils 
Table 2 
  
Installed Capacity W/m2 Annual Consumption KWh 
Heating Cooling Total HVAC HVAC System Total Building 
CS 1 62,5 64,7 154,2 29.520 47.820 
CS 2 240,2 229,2 476 144.071 356.432 
CS 3 172,5 64,4 325 127.190 276.645 
CS 4 162,5 145,1 N/A N/A 36.005 
CS 5 221,8 197,1 461,8 N/A 82.754 
Table 3 
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In order to collect all the necessary data for the Case Studies, a detailed inspection of the building in question was 
performed. In many cases, especially in buildings without BMS systems, data loggers were installed to measure the 
energy consumption of the building components. Energy consumption has been measured for heating, cooling, 
lighting, electric equipment and most of the HVAC system components. Data loggers were also used in order to 
carry out long time measurements of the indoor-outdoor temperature and humidity. In some cases, the building 
energy consumption was estimated through the electricity bills. 
As already mentioned the buildings, examined in CS 1, CS 2, CS 3 and CS 4 were constructed in 2007-2008. The 
maintenance status of the building HVAC systems was very satisfying and all buildings were equipped with a BMS 
control system, always checked by an in-house technician. This fact was very important regarding the duration of our 
inspection and also the collection of all the necessary, for our energy audit, information. The buildings envelope, 
insulation and windows were also in a very good condition, reducing the building energy consumption. Each HVAC 
system was carefully programmed to operate in two modes (occupied, unoccupied) in order to be efficient regarding 
the energy performance and the main activity of the buildings. In CS 5 an older building (about 20 years old) was 
examined, in which the HVAC system was manually controlled and programmed. The inspection of this building 
was much longer but due to the cooperation of the building owner and technician we managed to collect all the 
necessary data and establish the equipment required for our monitoring. Energy consumption was also estimated 
through the electricity bills. The building owner was really interested in improving the building energy efficiency, a 
fact which made our cooperation very productive.   
Figures 1 and 2 show the annual energy consumption (KWh and KWh/m2) of the building examined in CS 2. 
Figure 1 
Figure 2 
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6.4.4 ENERGY  CONSERVATION  OPPORTUNITIES 
In spite of the satisfactory maintenance status of the examined buildings, a wide range of energy conservation 
opportunities were identified through inspections while the estimated savings were calculated through modeling. 
Table 4 provides an overview of the most important ECOs. 
ECO ITEM ACTION 
E 3.1 Roof Upgrade insulation of flat roofs externally 
E 3.4 Exterior Wall Add insulation to exterior wall externally 
E 4.1 Room Height Reduce effective height of room 
E 4.5 Electrical Equipment 
 
Replace electrical equipment with Energy Star or low 
consumption types 
E 3.9 Glazing Use triple glaze replacement 
P 1.4 Control System Modify control system in order to adjust internal set point values to external climatic conditions 
Table 5 presents the corresponding savings of these ECOs 
 ECOs Savings in Energy Use 
  HEATING COOLING 
CS1 E 3.1  
E 4.5  
14% 
9% 
25% 
6% 
CS2 E 3.1  14% 25% 
CS3 E 3.4  
E 3.9 
E 4.1  
P 1.4 
1% 
1% 
9% 
6% 
12% 
10% 
6% 
21% 
CS4 P 1.4 
E 3.9 
6% 
1% 
21% 
10% 
CS5 E 3.4 1 % 12 % 
Table 5 
By calculating the estimated savings for the examined buildings in CS1 and CS3, it is deduced that by upgrading the 
insulation of flat roofs (externally), a maximum energy consumption reduction was accomplished, about 25%, 
regarding cooling and 14%, regarding heating. The most efficient energy conservation opportunity, regarding the 
HVAC system, is the modification of the control system in order to adjust internal set point values to external 
climatic conditions. Applying this ECO, the estimated energy saving was about 6% for heating and 21% for cooling. 
6.4.5 FIELD  TRIALS  DATA  ANALYSIS  
In Greece twenty buildings were selected as Field Trials in the framework of the Harmonac Project. Five of them are 
located in Chania, Crete, while all the others are located in Athens. The selected buildings are offices, a super 
market, a health club, schools and a Town Hall. Some of the buildings have been recently built but older buildings 
were also examined. Table 5 presents an overview of the inspected building characteristics. 
  Location Main Activity Net Area Served  (m²) 
FT 1 Athens/Greece Office Building 1000 
FT 2 Chania/Crete Health - Gym Club 362,2 
FT 3 Chania/Crete Super Market 1686,5 
FT 4 Chania/Crete Conference Building 280 
FT 5 Athens/Greece Library 4630,38 
FT 6 Athens/Greece University Building - Offices 468 
FT 7 Athens/Greece Educational Building 1287,85 
FT 8 Chania/Crete Law firm Offices 210 
FT 9 Athens/Greece Nursery Building 648 
FT 10 Athens/Greece Office Building 3179 
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FT 11  Athens/Greece Primary School 1369 
FT 12  Chania/Crete Real Estate Company - Offices 406,62 
FT 13  Athens/Greece Shipping Company - Offices 634,21 
FT 14 Athens/Greece Town Hall 763,8 
FT 15 Athens/Greece University Conference Building 330 
FT 16 Athens/Greece High School 2912 
FT 17 Athens/Greece University Building - Offices and Classrooms 696 
FT 18 Athens/Greece High School 3552 
FT 19 Athens/Greece High School 1324 
FT 20  Athens/Greece High School 1489 
Table 5 
In most of the buildings, cooling and heating were both distributed to the zones by the same HVAC system. In some 
cases, especially for the elder buildings, heating was achieved by an oil boiler while cooling by a number of split air 
units. It’s important to mention that in Greek schools the air conditioning systems are working in heating mode due 
to the fact that during the summer period the schools are closed. Tables 6 and 7 present an overview of the examined 
building’s HVAC systems characteristics and the annual consumption of the systems. 
 HVAC System Type Type of Fuel Terminal Units 
FT 1 Two Single Packaged Systems located at the roof of the building/Split air units Electricity 
Air supply and air return ductwork/ 
Wall mounted indoor units 
FT 2 Air to Water Heat Pump in conjunction with an Air Handling Unit Electricity Air supply and air return ductwork 
FT 3 Two Rooftop Packaged Units Electricity Air supply and air return ductwork 
FT 4 Air to Water Heat Pump in conjunction with an Air Handling Unit Electricity Air supply and air return ductwork 
FT 5 
Two Air to Water Heat Pumps in 
conjunction with seven Air Handling 
Units 
Electricity Air supply and air return ductwork 
FT 6 A  Rooftop Packaged Unit Electricity Fan Coils 
FT 7 Oil Boiler/Split air Units Oil/Electricity Thermal bodies panel type/Wall mounted indoor units 
FT 8 Packaged Rooftop Heat Pump unit Electricity Fan Coils 
FT 9 Oil Boiler/Split air Units Oil/Electricity Thermal bodies panel type/Wall mounted indoor units 
FT 10 Two Rooftop Packaged Units Electricity Fan Coils 
FT 11 Oil Boiler/Gold Generator Oil/Electricity Thermal bodies panel type/Fan coils 
FT 12 Air to Water Heat Pump Electricity Fan Coils
FT 13 Three Packaged Units Electricity Fan Coils 
FT 14 Oil Boiler/Split air Units Oil/Electricity Thermal bodies panel type/Wall mounted indoor units 
FT 15 Two  Rooftop Packaged Units Electricity Fan Coils 
FT 16 Oil Boiler Oil/Electricity Thermal bodies panel type 
FT 17 A Packaged Air Conditioning Unit Electricity Fan Coils 
FT 18 Oil Boiler Oil/Electricity Thermal bodies panel type 
FT 19 Oil Boiler Oil/Electricity Thermal bodies panel type 
FT 20 Oil Boiler Oil/Electricity Thermal bodies panel type 
Table 6 
 
  
Installed Capacity (W/m2) Annual Consumption (KWh) 
Heating Cooling Total HVAC HVAC System Total Building 
FT 1 62,5 64,7 154,2 29.520 47.820 
FT 2 240,2 229,2 476 144.071 356.432 
FT 3 172,5 64,4 325 127.190 276.645 
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FT 4 162,5 145,1 N/A N/A 36.005 
FT 5 93,2 133,8 N/A 436.000 832.600 
FT 6 162,5 145,1 313,9 N/A 354.802 
FT 7 145,3 14,1 167,2 N/A 45.188 
FT 8 115,2 124,8 313,3 20.230 102.710 
FT 9 229 110,9 360,1 79.150 87.350 
FT 10 72,3 171,4 244,7 N/A 268.784 
FT 11 238,3 123 382 N/A 11.565 
FT 12 162,1 145,1 316 58.704 126.013 
FT 13 47,8 52,5 106,6 N/A 76.557 
FT 14 213,2 128,9 298,3 103.422 168.351 
FT 15 397 442,4 869,7 65.811 82.812 
FT 16 83,8 0 83,8 133.952 160.742 
FT 17 221,8 197,1 461,8 N/A 82.754 
FT 18 131 0 134,1 150.782 187.225 
FT 19 133,4 0 141,1 N/A 55.045 
FT 20 97,5 0 104,1 29.035 47.820 
Table 7 
Figure 3 presents the total building annual energy consumption of all Field Trials. 
 
Figure 3 
As concluded from the Field Trials, during the inspections three types of air-conditioning systems were mainly 
studied: the packaged systems, the air to water heat pumps and the oil boilers. Buildings which were heated, cooled 
and ventilated by a combination of the above systems were also inspected. In some cases a number of split air units 
were also established in rooms with individual needs. 
6.4.6 ENERGY  CONSERVATION  OPPORTUNITIES 
As was mentioned earlier the examined buildings were chosen to have different main activities, systems and also 
different construction dates. Due to this fact a wide range of energy conservation opportunities, regarding the 
building envelope and air-conditioning system, were identified. These ECOs were identified through inspection 
while the estimated savings were calculated through modeling. Tables 4 and 5 present an overview of the most 
important ECOs. 
Figure 4 presents the corresponding savings (%) of the most important ECOs 
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Figure 4 
 
As concluded the most effective ECOs, regarding cooling, were E 3.1 (Upgration of the insulation of flat roofs 
externally) and P 1.4 (Modification of the control system in order to adjust internal set point values to external 
climatic conditions), while, regarding heating, E 3.1, E 4.5 (Replacement of the electrical equipment with Energy 
Star or low consumption types) and E 4.1 (Reduction of the effective height of room) performed better. 
Figure 5 presents the maximum values of the energy savings, as percentages of building energy use, calculated by 
the application of the most important ECOs. 
 
Figure 5 
Following the identification of the energy conservation opportunities important conclusions related to the building’s 
energy consumption were drawn. Buildings with BMS control systems are more energy efficient than those based on 
manual control strategies. As concluded by the estimated energy savings the proper modification of the control 
system is a very important factor which influences the systems energy consumption. Especially in older buildings 
upgrading insulation of flat roofs leads to a significant reduction of the building’s energy consumption. Adding 
insulation to exterior walls and using triple glazing replacement provides us with very efficient results regarding 
cooling but that was not the case for heating. 
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6.4.7 ABOUT  INSPECTION  TIMINGS 
According to the HARMONAC inspection methodology all Field Trials are based on a pre-inspection and an on-site 
inspection procedure in order to provide a survey that collects information on the buildings description, their energy-
related building characteristics, and their energy consumption and expenditures. As already mentioned all air 
conditioning systems were classified in two main categories, centralized and non-centralized system (Packaged 
systems). According to this classification, tables 8, 9 and 10 present examples of the time taken for the pre-inspection 
of the examined buildings and also the on-site inspection of the centralized and the packaged air conditionings 
systems. 
Inspection Item Short Description Time (mins) 
PI1 Location and number of AC zones 10 
PI2 Documentation per zone 10 
PI3 Images of zones/building 15 
PI4 General zone data/zone 20 
PI5 Construction details/zone 15 
PI6 Building mass/air tightness per zone 5 
PI7 Occupancy schedules per zone 5 
PI8 Monthly schedule exceptions per zone 5 
PI9 HVAC system description and operating setpoints per zone 10 
PI10 Original design conditions per zone 10 
PI11 Current design loads per zone 10 
PI12 Power/energy information per zone 10 
PI13 Source of heating supplying each zone 5 
PI14 Heating storage and control for each zone 0 
PI15 Refrigeration equipment for each zone 0 
PI16 AHU for each zone 10 
PI17 Cooling distribution fluid details per zone 0 
PI18 Cooling terminal units details in each zone 5 
PI19 Energy supply to the system 10 
PI20 Energy supply to the building 0 
PI21 Annual energy consumption of the system 20 
PI22 Annual energy consumption of the building 15 
  TOTAL TIME TAKEN (minutes) 190 
Table 8 
Inspection Item Short Description Time (mins) 
PP1 List of installed refrigeration plant 20 
PP2 Method of control of temperature. 15 
PP3 Method of control of periods of operation 10 
PP4 Reports from earlier AC inspections and EPC’s 0 
PP5 Records of maintenance operations 0 
PP6 Records of maintenance (control systems and sensors) 10 
PP7 Records of sub-metered air conditioning plant (use or energy) 0 
PP8 Design cooling load for each system 10 
PP9 Description of the occupation of the cooled spaces 10 
P1 Review available documentation from pre-inspection 10 
P2 Locate the plant and compare details with pre-inspection data 10 
P3 Locate supply to the A/C system and install VA logger(s) 0 
P4 Review current inspection and maintenance regime 0 
P5 Compare size with imposed cooling loads 10 
P6 Compare records of use or sub-metered energy with expectations 15 
P7 Locate outdoor plant 0 
P8 Check for signs of refrigerant leakage. 10 
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P9 Check plant is capable of providing cooling 5 
P10 Check external heat exchangers 0 
P11 Check location of outdoor unit 5 
P12 Assess zoning in relation to internal gain and orientation 0 
P13 Check indicated weekday and time on controllers against actual 10 
P14 Note the set on and off periods 10 
P15 Identify zone heating and cooling temperature control sensors. 10 
P16 Note set temperatures in relation to the activities and occupancy 10 
P17 Provision of controls or guidance on use while windows open 0 
P18 Type, age and method of capacity control of the equipment 20 
P19 Write report 200 
  TOTAL TIME TAKEN (minutes) 400 
Table 9 
Inspection Item Short Description Time (mins) 
PC1 Details of installed refrigeration plant 20 
PC2 Description of system control zones, with schematic drawings. 20 
PC3 Description of method of control of temperature. 15 
PC4 Description of method of control of periods of operation. 10 
PC5 Floor plans, and schematics of air conditioning systems. 20 
PC6 Reports from earlier AC inspections and EPC’s 0 
PC7 Records of maintenance operations on refrigeration systems 0 
PC8 Records of maintenance operations on air delivery systems. 0 
PC9 Records of maintenance operations on control systems and sensors 0 
PC10 Records of sub-metered AC plant use or energy consumption. 15 
PC11 Commissioning results where relevant 0 
PC12 An estimate of the design cooling load for each system 20 
PC13 Records of issues or complaints concerning indoor comfort conditions 10 
PC14 Use of BMS 10 
PC15 Monitoring to continually observe performance of AC systems 0 
C1 Locate relevant plant and compare details 0 
C2 Locate supply the A/C system and install VA logger(s) 0 
C3 Review current inspection and maintenance regime 0 
C4 Compare system size with imposed cooling loads 10 
C5 Estimate Specific Fan Power of relevant air movement systems 10 
C6 Compare AC usage with expected hours or energy use 0 
C7 Locate refrigeration plant and check operation 0 
C8 Visual appearance of refrigeration plant and immediate area 0 
C9 Check refrigeration plant is capable of providing cooling 10 
C10 Check type, rating and operation of distribution fans and pumps 20 
C11 Visually check condition/operation of outdoor heat rejection units 0 
C12 Check for obstructions through heat rejection heat exchangers 0 
C13 Check for signs of refrigerant leakage 5 
C14 Check for the correct rotation of fans 5 
C15 Visually check the condition and operation of indoor units 0 
C16 Check air inlets and outlets for obstruction 5 
C17 Check for obstructions to airflow through the heat exchangers 0 
C18 Check condition of intake air filters. 10 
C19 Check for signs of refrigerant leakage. 5 
C20 Check for the correct rotation of fans 5 
C21 Review air delivery and extract routes from spaces 10 
C22 Review any occupant complaints 20 
C23 Assess air supply openings in relation to extract openings. 0 
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C24 Assess the controllability of a sample number of terminal units 0 
C25 Check filter changing or cleaning frequency. 10 
C26 Assess the current state of cleanliness or blockage of filters. 0 
C27 Note the condition of filter differential pressure gauge. 0 
C28 Assess the fit and sealing of filters and housings. 0 
C29 Examine heat exchangers for damage or significant blockage 0 
C30 Examine refrigeration heat exchangers for signs of leakage 0 
C31 Note fan type and method of air speed control 0 
C32 Check for obstructions to inlet grilles, screens and pre-filters. 0 
C33 Check location of inlets for proximity to sources of heat 0 
C34 Assess zoning in relation to internal gain and solar radiation. 0 
C35 Note current time on controllers against the actual time 10 
C36 Note the set on and off periods 10 
C37 Identify zone heating and cooling temperature control sensors 10 
C38 Note zone set temperatures relative to the activities and occupancy 15 
C39 Check control basis to avoid simultaneous heating and cooling 0 
C40 Assess the refrigeration compressor(s) and capacity control 0 
C41 Assess control of air flow rate through air supply and exhaust ducts 0 
C42 Assess control of ancillary system components e.g. pumps and fans 20 
C43 Assess how reheat is achieved, particularly in the morning 0 
C44 Check actual control basis of system 20 
  TOTAL TIME TAKEN (minutes) 350 
Table 10 
Tables 8 and 9 give an overview of the time taken for each item of the pre-inspection and the on-site inspection of an 
Architectural office building (FT 1) which is cooled and heated by a non centralized, packaged system. Table 10 also 
presents the corresponding time taken for the on-site inspection of the centralized system of a Health-Gym club (FT 
2). The pre-inspection procedure consisted of the data collection and analysis of the examined building, which are 
related to the zones, the energy consumption and an overview of the air-conditioning system.  
As concluded the average time taken for a pre-inspection is about three hours. For an on-site inspection of a non 
centralized- packaged system is about five hours while for the on-site inspection of a centralized system is also about 
six hours. It is sensible that the time taken for the inspections is longer for bigger buildings and also for buildings 
with complex systems or with more than one air-conditioning systems. Older buildings usually have shorter pre-
inspection times due to lack of required data records. Buildings with more efficient control systems have also shorter 
inspection times because of the better accessibility to the necessary data measurements. Longer inspections were 
required for buildings where installation of an independent monitoring system was necessary in order to collect the 
required data such as environmental parameters and energy consumption values. 
6.4.8 PRACTICAL  EXPERIENCE OF   INSPECTION 
At the beginning of this project, a lot of time was spent trying to find the appropriate buildings for the inspections 
and further analysis. The cooperation of the building owners was a very important factor which influenced the 
selections. The difficulties faced were not only related to the owner’s interest on participating in the project but also 
to the technicians concerns about the buildings’ systems current status. It was also very difficult to find owners and 
technicians who were interested in improving the efficiency of their building systems because of the corresponding 
cost. In many cases we tried to explain that improving the efficiency of the building system and envelope means a 
significant reduction in energy consumption. As a conclusion the interaction between the NKUA staff and the 
building owners, technicians and employees was really productive. 
In most of the inspected buildings, the owners could easily provide us with the floor plans but in some cases they left 
out basic information concerning the HVAC system because the cooperation with the company that installed the 
HVAC system was not so direct. For this reason the inspections took more time. In older buildings, when the owners 
couldn’t provide us with the necessary information (construction details like u-values, air tightness e.t.c), some 
measurements were performed in order to collect the required data for the analysis. In order to estimate the system 
and building energy consumption, energy meters were installed, in buildings where there was no BMS control 
Intelligent Energy – Europe Promotion & Dissemination Projects 
HARMONAC – Harmonising Air Conditioning Inspections in Europe Page 96 of 240  
system. The building energy consumption was, in many cases, estimated by the electricity bills, provided also by the 
building owners. 
During the inspections, a technician was always available in order to accompany the NKUA staff and provide access 
to the building’s HVAC system components, as well as information about the system’s operation mode and the 
HVAC system, especially when visual inspections were not sufficient in the provision of all the required data 
(Packaged air-conditioning units). 
In several cases the technicians were not familiar with the system, a fact which made the inspection difficult and 
much more time consuming. When there was no technician responsible for the building system, inspection and 
further measurements were extremely difficult to implement. It is very important to mention that for privacy reasons 
(FT 2, FT 3, FT 4, FT 8), some owners did not allow taking photographs of the inspected building and system, while 
they were very cooperative providing with all the necessary data and assistance during the inspections, in order to 
carry on with the analysis. 
As already mentioned, regarding buildings with standardized control systems and well trained technicians, the 
inspection procedure was much less time consuming and easier to perform. 
6.4.9 FINAL  SUMMARY 
As mentioned, in the framework of the HARMONAC Project, twenty five buildings have been inspected and further 
analyzed. 20 of them served as Field Trials, which included mainly office research with the aid of the building 
manager/owner and a short on site visit. The 5 buildings that served as Case Studies were inspected more extensively 
collecting detailed documentation (e.g. energy performance certificate, planning details, former inspections or 
research projects etc.). Metering systems were placed in the buildings in order to monitor specific parameters. On 
site visits identified Energy Conservation Opportunities (ECOs). Following that detailed inspection simulations were 
carried out in order to quantify the possible savings achieved from the ECOs. The ECOs identified for the Field 
Trials were more general and based on the visual inspection performed. 
In spite of the generally good status of the examined buildings and each system, a wide range of ECOs have been 
presented to the building owners. The most efficient energy conservation opportunity identified, regarding the 
HVAC system, was the modification of the control system in order to adjust internal set point values to external 
climatic conditions and regarding the shell of the building was the upgrade of the insulation of flat roofs (externally). 
Buildings with BMS control systems were found to be more energy efficient than those based on manual control 
strategies. As concluded by the estimated energy savings the proper modification of the control system is a very 
important factor which influences the systems energy consumption. 
Though most of the building owners/managers were not willing to implement all the ECOs proposed, they were very 
interested to learn about the inspection and the possibility to use the results from it in order to get an energy 
certificate in the future.  
As mentioned above the time taken to perform the pre-inspection and the inspection in both the Case Studies as well 
as The Field Trials was monitored and analysed. The average time taken for a pre-inspection was about three hours, 
for an on-site inspection of a non centralized- packaged system is about five hours and for the on-site inspection of a 
centralized system is also about six hours. More time was spent on the inspections of bigger buildings and of 
buildings with complex systems or with more than one air-conditioning systems. Shorter inspection timings were 
noted in older buildings due to lack of data records and buildings with more efficient control systems (better 
accessibility to the necessary data measurements). Special attention should be given in the time spent on the 
organisational aspects of the inspections and possible delays caused by various types of problems rising during the 
procedures. These numbers were not included in the inspection timings. 
In a nutshell one can easily see that throughout these Case Studies and Field Trials a number of ‘environmentally 
friendly’ solutions have been provided through energy preserving suggestions, a factor that has to be taken into deep 
consideration looking back into the problems caused by the continuously increasing energy consumption from air 
conditioning systems in the wider Mediterranean region. 
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6.5 OVERVIEW OF  CASE  STUDIES  AND FIELD  TRIALS  IN   ITALY  
6.5.1 SUMMARY 
Five Case Studies (CS) and 14 Field Trials (FT) have been carried out in Italy. A FT basically means the inspection 
of an AC system, including pre-inspection and on-site inspection. A CS consists of such inspection combined with 
long-term monitoring and analysis of energy saving potentials, based on measurements and/or simulations. The CS 
have been organised by Politecnico di Torino. The support of Regione Piemonte administration was essential to carry 
out CS IT-5; cooperation with an ESCO provided one CS and three FT. 
 
Most Italian Case Studies were carried out in large office buildings; one CS examined a retirement home. The 
examined buildings are located in Northern Italy, in the cities of Torino, Genova, and Trieste. The conditioned floor 
areas of the buildings range between 4’800 and 24’000 m2. HVAC systems analyzed are of different types: 
• All air (CAV) 
• All air (VAV) 
• All water (with fan coils) 
• Air and water (with active chilled beams or fan coils) 
• VRF air to air reversible heat pump 
Central heating and cooling production include conventional electric chillers (air cooled or water cooled) coupled 
with gas-fired boilers, absorption chillers coupled to biomass combustion boilers, tri-generation units with IC 
engines, and VRF heat pumps. 
Building structure typologies are quite diversified: one CS is a XVII century masonry building, largely rebuilt in 
reinforced concrete after WW-II; one CS is an early XIX century building with bearing masonry walls (average 
thickness 50 cm); one CS is a technology park built in the 1990s with a number of high energy performance 
envelope technologies (green roofs, ventilated façades, low U-value glazing, etc.); two CS are high-rise office towers 
with curtain walls and large glazed surfaces. 
CS have been subjected to Inspection and long term measurements, to verify: 
• percentage of energy consumption due to the HVAC system over global building consumption; 
• control strategy of centralized HVAC system; 
• possibility to utilize installed BMS for energy monitoring purposes; 
• ECOs assessment. 
The HVAC systems inspected have an average age of about 5 years; their maintenance condition is general good, 
albeit not homogeneous. 
FT have examined a wide range of buildings and systems. The field trials were mainly medium size buildings, with 
HVAC systems representing the current practice of installation in Italy. Specifically, the FT concern a geothermal 
heat pump system with phase change material thermal buffer, installed in an office and laboratories building; a field 
test installation with absorption chiller and a desiccant cooling system. Such equipments are coupled with a gas fired 
CHP (Combined Heat and power) system; the AC system of the operating rooms of a general hospital; a water to 
water open loop heat pump system (well water) equipped with magnetic levitation centrifugal compressors; an 
historical theatre, recently refurbished, equipped with a well water heat pump for heating and cooling; Eight FTs are 
located in Piemonte Region, while the other six are located in other northern Italy regions. The buildings considered 
were built in a time range from XVIII Century to 2006.  
Where available, the installed BMS was used to log the electric consumption of the HVAC system and the indoor 
environment parameters. In two CS, the installed BMS was already correctly programmed for this purpose when the 
project started, while in other cases it was necessary to re-program the BMS to allow parameters recording with 
adequate sampling rate (typically 15 minutes). In two CS portable data loggers had to be installed. This modus 
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operandi was carried out for electric consumption of HVAC system and for indoor parameters (air temperature, air 
relative humidity, and, in some cases, fluid temperatures).  
Measured energy data have been processed and correlated with outdoor climate conditions. Some buildings were 
equipped with outdoor temperature sensors; however, these sensors have often shown a low reliability, providing 
readings that were biased by solar radiation, or gaps of days (or even weeks) in the data records. Data collected by 
the Regional Environment Protection Agency in nearby weather stations were used instead, because of their high 
accuracy and long term availability.  
The analysis of consumption and climatic data permitted Energy Conservation Opportunities (ECO) evaluation, 
according to [1]. Some ECOs were assessed also on FT, with short-medium term measurements (typically one 
month). An interesting issue is that almost all ECOs concerning Operation and Management can be assessed with a 
two week measurement, avoiding costly and time consuming long term measurements. 
6.5.2 DATA  ANALYSIS  FOR CS’S  
Italian Case Studies are five, localized in northern Italy. Characteristics of the buildings and HVAC systems are 
represented on Table 1 and 2.  
Five CS have been completed, all situated in Northern Italy. In addition to public and private office buildings, a 
retirement home and a technology park have been monitored. The Torino area, in which three of the buildings are 
located, is characterised by a relatively cold heating season (2700 heating degree-days base 20°C, -8°C winter design 
temperature) and fairly warm summers, with hot spells in July-August (peak temperatures above 35°C). The other 
two buildings are situated in coastal areas, with high solar irradiation and high relative humidity during the summer. 
Table 1 summarises the Italian CS. 
Central heating systems are of various types: gas fired boiler, biomass (wood chips) combustion boiler, combined 
heat and power production with internal combustion engine, and district heating grid. Central cooling systems are 
also quite diversified. All electric chillers were water-condensed, adopting either the closed-loop solution with 
evaporative towers, or the open-loop one with well water or with surface water. All chillers were equipped either 
with screw or with reciprocating refrigerating compressors. In two CS absorption chillers were present, one coupled 
to a cogeneration plant, and one to a biomass combustion boiler. In one CS both heating and cooling were provided 
by a reversible air-to-air VRF heat pump system. 
Table 1: CS – Overview of CS, buildings and HVAC systems characteristics 
  CS IT-1 CS IT-2 CS IT-3 CS IT-4 CS IT-5 
Location Torino Torino Trieste Genova Torino 
Main activity Office Office and 
laboratories 
Retirement home Open plan offices Single room 
offices 
System Type all water system 
(no mechanical 
ventilation) 
all air, VAV, all 
water, air and 
water 
all air system 
(CAV) 
Air and water 
(chilled beams) 
VRF with 
mechanical 
ventilation 
Year of 
construction 
1970 2000 1810 
(Refurbished in 
1998) 
2004 1650-1950 
(Refurbished in 
2004) 
Net conditioned 
area [m²] 
4840 24'000 8'000 8'591 9'500 
 
Table 2 CS – Systems overview 
 CS IT-1 CS IT-2 CS IT-3 CS IT-4 CS IT-5 
Heating 
 
Centralised fan 
coil heating 
system (2 pipes) 
with three 
natural gas fired 
boilers + CHP 
system
Centralized 
wood chips 
boilers. Multiple 
systems (all air 
VAV, air and 
water with 
chilled beams)
Centralised all 
air and radiator 
heating system 
with three 
natural gas fired 
boilers 
Centralised fan 
coil heating 
system (2 pipes) 
with district 
heating 
VRF heat pump 
system air-to-air. 
Gas fired boilers 
provide heating 
energy to AHUs 
coils 
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Cooling Centralised 
screw liquid 
chiller + 
absorption 
chiller (well 
water 
condensed), two 
pipes fan coil 
Centralised 
screw liquid 
chiller + 
absorption 
chiller (surface 
water 
condensed), 
mixed systems 
Centralised all-
air cooling 
system with 
three electric 
chilelrs (2 
reciprocating 
compressors, one 
screw) 
evaporative 
towers 
Centralised 
cooling system 
with two electric 
chilelrs (screw 
compressors) 
evaporative 
towers, with fan 
coil 
VRF heat pump 
system air-to-air. 
Electric chiller 
(screw 
compressors) 
provides cooling 
energy to AHUs 
coils 
Ventilation no mechanical 
ventilation 
19 air handling 
units with 
cooling and 
heating coil, 
humidifier, heat 
recovery 
6 air handling 
units with 
cooling and 
heating coil, 
humidifier, heat 
recovery  
3 air handling 
units with 
cooling and 
heating coil, 
humidifier, heat 
recovery 
2 air handling 
units with 
cooling and 
heating coil, 
humidifier, heat 
recovery 
BMS Centralised BMS 
with terminal 
computer and 
remote access. 
Consumption 
data logging 
system provided 
by research 
project 
Centralised BMS 
with terminal 
computer. No 
consumption 
logging available 
on BMS 
Centralised BMS 
with terminal 
computer and 
remote access. 
No consumption 
logging available 
on BMS 
Centralised BMS 
with terminal 
computer and 
remote access. 
Consumption 
data logging 
system provided 
by dedicated 
server 
Centralised BMS 
with terminal 
computer and 
remote access. 
Consumption 
data logging 
provided by 
BMS 
CS were monitored for at least 12 months; for 4 CS two years of data are available. The minimum data set logged for 
all Case Studies included global electric consumption, chiller electric consumption, and fuel consumption for winter 
heating. Sampling rate was 15 minutes where feasible, in other cases 60 minutes. High sampling rate over long term 
period needed a specific graphic visualization: carpet plot. Carpet plot shows an overall picture of system 
consumption during the whole year, without any loss of information on hourly data. An example of carpet plot is in 
Figure 1. 
 
 
Figure 1: Carpet plot of total electric income of CS IT- 2 
During pre-inspection and inspection data on installed load of HVACsubsystems was retrieved. Table 3 presents the 
average values measured on Italian CS. Figure 2 and Figure 3 graphically show the installed power of HVAC 
subsystems. 
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Table 3 – Average installed system for CS 
Parameter 
Installed 
electrical load / 
kW 
Floor area 
served / m2 GIA 
Installed 
capacity 
W/m2 
GIA 
Annual 
consumption 
kWh 
Average 
annual 
power 
W/m2 
Annual use 
kWh/m2 
Average annual 
power (% FLE) 
Total Chillers nominal 
cooling capacity (cooling 
output) 
1'313.2 10'986.2 134.9     
Total Chillers 275.0 10'986.2 31.1 174'060.0 2.2 19.0 7.5 
Total CW pumps[a] 90.6 11'357.8 10.7 274'033.7 2.5 21.8 29.4 
Total fans 46.5 12'522.8 3.6 108'885.6 1.4 12.6 28.9 
Total humidifiers        
Total boilers 5.0 14'719.2      
Total HW pumps 51.8 14'719.2 5.0 125'199.3 1.6 14.4 25.9 
Total HVAC electrical 408.6 14'719.2 40.8 801'775.0 10.3 90.1 21.0 
Total Building Elec kWh  14'719.2  2'646'350.9 28.4 228.5  
Total Boilers/Heat kWh 2'397.5 14'719.2 133.4 1'823'539.0 14.6 128.3 11.6 
Total Building Gas/Heat 
kWh  16'024.0  2'902'100.0 13.2 115.8  
 
Figure 2: Installed capacity of HVAC subsystems with high energy input, the pointer represents the average value, while the line is traced 
from minimum to maximum value. The value in W/m2 represents respectively: Cooling power, electric energy input, electric energy 
input, Thermal power. 
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Figure 3: Installed capacity of HVAC subsystems with low electric energy input, the pointer represents the average value, while the line is 
traced from minimum to maximum value. The value in W/m2 represents electric energy input. 
In all the Italian CS the electric chiller(s) represent always the highest electric input of the HVAC system. Some 
systems adopt absorption units, which helps decreasing the overall value. An interesting point is that the installed 
heating and cooling specific power values are almost equivalent in all the CS. This is due primarily by the climatic 
conditions, which are, as mentioned above, characterized by cold winters and relatively hot summers. Furthermore, 
the building and system design process in Italy was always focused on winter heating more than summer cooling: 
this fact implies that buildings and system generally are not optimized for summer behaviour. This is the case of CS 
IT-1, in which some interventions were made to reduce the building envelope U-value (window substitution and 
thermal bride insulation). These retrofits were decided on the basis of a cost-benefit analysis forecasting a reduction 
in heating demand and an increase in cooling demand (typical of well insulated buildings with significant internal 
heat gains), which could be offset by night time overventilation. The latter option has not been implemented, and in 
fact the monitoring of the building has confirmed the increase of post-retrofit summer energy consumption. 
Figure 3 shows the specific electric input for minor sub-systems. Cooling water pumps are always characterized by 
higher electric input than heating water pumps, as expected, due to the lower temperature difference on cooling 
circuits with respect to heating ones. Gas boiler burners always have a really small electric input (e.g., the burner of a 
400 kW gas boiler absorbs 640 W, the same as a very small circulation pump). Higher values of boiler electric input 
were found in wood chips boilers, in which the wood chips feeding system has an electric input of about 2.5 kW (for 
a boiler rated at 800 kW of thermal power). 
 
Figure 4: Cooling consumption of Italian CS 
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Concerning the sizing criteria, the present HVAC system design in Italy is still influenced by tradition, with low 
temperature differences and high flow rates at terminals. The approach is changing, but not always today’s 
installations are well sized according to the actual specific capacities. Take as an example CS IT-2 and CS IT-4. Both 
systems have been installed in the past decade, but differ enormously in terms of design quality. For IT-2 the design 
was accurate and system sizing is well tailored to the actual demand of each zone; furthermore, a number of 
measures have been taken for the building envelope and mechanical systems (e.g., green roofs, free cooling, etc.) to 
reduce the primary energy consumption. In the case of CS IT-4, which has been designed four years later, the 
systems are oversized and some design choices are questionable, such as the zone control subdivision comprising 
entire floors, which determines significant local discomfort, and the air-to-air heat recovery on AHUs without 
exhaust air bypass, which does not permit to apply direct free cooling in the initial occupancy hours in summer, 
thereby increasing the energy demand for air treatment. 
In addition to energy consumption values of each CS, other parameters have been measured by the POLITO work 
group, either using the installed BMS or by means of additional instrumentation, with the aim of evaluating the 
ECOs specific for each CS. ECOs were assessed, where possible, with direct measurements. In other cases the 
Harmonac simulation tools were used, after proper model calibration. 
 
Table 4: ECOs assessed on Case studies 
ECO Saving in AC Energy 
Use 
IM Item CS where this ECO 
was found 
E1.1 Install window film or  
tinted glass -10% PI3, PI5 IT-4 
E2.4 Correct excessive  
envelope air leakage 
-0.6-10% of HVAC 
consumption in summe R 
1.5-7.3% of heat consumption in 
winter 
PI6 IT-1, IT-4 
E2.6 Apply night time over  
ventilation 
1.5-5% of summer 
HVAC consumption 
PI6, PI12, 
C5, C6, C7 IT-1, IT2, IT-4 
E3.1 Upgrade insulation of  
flat roofs externally 
-0.6 on summer HVAC  
consumption PI5 IT-1 
E3.7 Locate and minimize the effect of thermal 
bridges 
11.5% on heating  
energy in winter 
PI5, PI3, 
PI21 IT-1 
E3.9 Use double or triple  
glaze replacement 
24.17% on heating  
energy in winter 
-10% on summer cooling 
consumption 
PI3, 
PI5,PI6 IT-1, IT-4 
P2.12 Consider the possibility of using waste heat 
for absorption system 
Value dramatically  
different between  
simulation and  
measurement 
PI15, PI21, 
C2, C3, C8 IT-1, IT2, IT-3 
O1.2 Hire or appoint an energy  
manager 
-12% on total electric 
consumption N.A. IT-2 
E4.5 Replace electrical  
equipment with Energy  
Star or low consumption types 
-13.3% on annual electric 
consumption of the whole 
building 
PI22 IT-4 
E4.5 Replace lighting  
equipment with low consumption types 
-10.6% on annual electric 
consumption of the whole 
building 
PI22 IT-4 
O2.2 Shut off A/C equipments when not needed -25-40 % PI7, PI12, PI21, C8  
IT-5 
 
O2.6 Implement pre-occupancy cycle -53.7 on Summer consumption of VRF system 
PI7, PI21, 
C8 
IT-5 
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Comparison between simulated energy savings and measured ones generally yielded erratic results. Principally this is 
due to the limited amount of variables in energy models and the enormous (and often unpredictable) number of 
variables in real operation. From our experience it should be concluded that: 
• ECOs that affect one single variable are generally well simulated (is the case of reducing HVAC operation 
hours); 
• ECOs that imply numerous variables, involving different physical phenomena, are generally hard to model 
(e.g. window substitution, changing air tightness, U-value, solar factor, etc...).  
Other ECOs seems easy to simulate (like the use of an absorption system) but reveals in practical analysis variables 
not considered in the simulation. This is the case of CS IT- 1:,the simulation of using an absorption chiller simply 
calculates its schedule accordiing to occupation hours. In reality the absorption system operation is subordinate to 
CHP system. The CHP system is turned on just on peak hours, because the cost of electric energy selled is at 
maximum.  This implies that absorption system should not be operational for all the hours calculated in the 
simulation. 
Carpet plots were used to analyze chiller schedule and operation. Figure 5 and Figure 6 refer to the cooling central 
plant of CS-1. The electric consumption metered comprises: 
• Electric chiller 
• Absorption chiller 
• Condensing water pumps 
 
 
Figure 5: Electric chiller + condensing water pumps, season 2008 
 
 
 
Figure 6: Electric chiller + condensing water pumps, season 2009 
 
Absorption chiller ON
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The analysis of electrical consumption over 2008 summer season shows a distributed load due to condensing water 
pumps, with some consumption peaks due to electric chiller operation. At the end of the season, the fact that the 
electric chiller was almost always off is particularly appreciable: the absorption chiller, in fact, was sufficient to 
provide cooling power. The operation schedule was five days per week (with some exceptions on Saturday) from 
6:00 to 18:00.  
By the middle of July the peak consumption was deeply reduced; in fact on the 15 July the absorption chiller was 
operative, as seen in the graph below. The new schedule of the electric chiller seems from 7:00 to 17:00. During the 
2009 summer season a similar operation strategy for the cooling station was expected. The graph of hourly 
consumption shows higher loads during the whole day; moreover the time schedule appears to be changed. From the 
graph we can identify this schedule: Mon-Fri 4:00-16:00. The operation hours during the day were increased (12 
hours, instead of the 10 hours of 2008). The climatic conditions are always the major cause for higher consumption; 
nevertheless in this case study the higher consumption was due to a different schedule. The consumption difference 
between 2008 and 2009 season was high, almost 50% more on the overall summer season. 
Another tool used to compare electric consumption of HVAC system in different summer seasons was the energy 
signature [2]. The regression on outdoor daily temperature shows good correlation. Figure 7, shows electric 
consumption of HVAC system in which operation strategy was modified between the two summer seasons (CS-1, as 
said before). Figure 8 represents an HVAC system in which the strategy was not changed between different seasons, 
nevertheless some minor difference should be appreciate: on the hottest season the system seems to have loss some 
efficiency. 
Figure 7: Electric consumption of chiller and condensing pumps of 
CS-1 
 
Figure 8: Electric consumption of chiller and condensing pumps of 
CS-2  
Figure 9 shows electric consumption of chiller and condensing water pumps of CS-4. In this case it should be 
mentioned that the system worked with the same efficiency and the same operating schedule. The comparison with 
Figure 10 shows that also in the global electric income of the building should be assessed the seasonality of electric 
consumption: this is clearly due to electric chillers. 
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Figure 9: Electric consumption of chiller and condensing pumps of 
CS-4 
(note that x-axis shows External air Enthalpy) 
 
 
Figure 10: Total Electric consumption of building (CS-4).  
Another important issue analyzed with the help of CS data was the simulation tools reliability. On CS-4 some 
simulations were made, to try calibrating the simulation tool with the real building’s behaviour. The values obtained 
revealed that a simple simulation approach without calibration implies high margin of error. These errors may totally 
affect final results (assessing an ECO). On the other hand, well calibrated simulation requires a high specific 
knowledge on the building, HVAC system and on the simulation engine. Figure 11 shows the base simulation on CS-
4 building results. This simulation was made without any type of calibration, but just putting into the model the 
building and system variables. The simulated consumption is almost half of the real one. Figure 12 shows the 
calibrated model results. Between these two results around 40 intermediate calibration steps took place: this implied 
almost 40 hours of work. 
 
Figure 11: Electric consumption of CS-4 building 
 
 
Figure 12: Electric consumption of CS-4 building 
Temperature measurements were used to quantify the discomfort conditions perceived by the occupants or 
mentioned by the HVAC system manager, as in the case of CS IT-4. In this CS, the BMS provided logs of internal 
temperature with low reliability. For this reason two self powered RH/T loggers were installed. The HVAC system 
manager reported that occupants often comply about temperature control. Particularly, occupants working on the 
south part of the building reported low temperatures in winter and high temperature in summer. For this reason the 
loggers were installed in the office zone, close to the north and south facades, on the 12th storey. The survey was 
conducted from April 2009 to February 2010. The results are visible in Figure 13, in which the time considered on 
the Y-axis is just the working time. 
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Figure 13: CS IT- 4, Internal air Temperature difference between northern and southern part of the building 
Generally, all HVAC systems, even with state of the art BMS, lack a specific tool for the verification of operation 
strategy efficiency. A tool that clearly compare the consumption over outdoor climatic should be adequate. The 
output of such tool could be the daily consumption deviation on an average database, for the same climatic 
conditions. During Inspections some state of the art HVAC system presented a totally inefficient control strategy 
(e.g. simultaneous heating and cooling).  
CS IT-5 concerns a XVII century building in Torino, which was almost entirely rebuilt after World War II. In 2006, 
a radical refurbishment of the building services has been completed by the ESCO in charge of the energy service 
contract and a new modular air-to-air VRF (Variable Refrigerant Flow) reversible heat pump system was installed, 
consisting of 16 external units and 150 fan coil internal units. Mechanical ventilation is provided to some areas only 
by five AHUs fed by air-cooled water chillers and gas-fired condensing boilers. A BMS performs complete 
monitoring and management of the building services (HVAC, fire prevention, security, lighting). Energy 
performance data acquired by the BMS have been recorded and stored since 2005. 
The data records indicate that, in the initial operation period, the HVAC system was running 24/24 hrs – 7/7 days; 
the operating schedule was subsequently optimized by introducing nighttime and weekend system set-back criteria. 
The effects are clearly seen in the graphs of Figure 14. The weekend set-back is reflected in the greatly reduced 
consumption on Saturday and Sunday, and in increased system consumption on Monday; the night set-back 
determines an increase of the hourly energy demand in the morning period of working days. Referring to typical 
winter conditions, the following electric energy consumption reductions are achieved: 9% on working days and 85% 
on weekends, yielding a 26.7% weekly saving.  
  
Figure 14: Figure 5. Daily and hourly electric energy demand of VRF system with different schedules 
 
The effects of modified system operation are also well visible in a carpet plot representing the time trend of total 
electric energy consumption (Figure 15): the plot on the left side refers to a period in which the operation schedule of 
the VRF system is well defined and stable, while the plot on the right side basically reveals a continuous operation, 
in which nighttime or weekend setbacks are not clearly applied. 
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Figure 15: Carpet plots of total electric energy consumption with different VRF schedules 
 
6.5.3      DATA  ANALYSIS  FOR  FT’S  
Fourteen field trials have been completed by the Italian team. All the systems are installed in northern Italy. The 
prevalent building type is office, but also different sectors were analyzed: one hospital, one theatre, two schools, and 
two retirement houses. Table 5 summarises the Italian Field Trials. 
Table 5: Italian Field trials 
FT Location Main activity System Type Year of construction Net conditioned 
area [m²] 
IT 1 Aosta Single room 
offices 
Air and water 
(chilled beams) 
2004 3'500 
IT 2 Torino Theatre all air system (CAV) XVIII century 
(HVAC installed  
2009) 
2'000 
IT 3 Turin Surgery rooms all air system (CAV) 1974 105 
IT 4 Torino Office and 
laboratories 
Air and water 
(chilled beams) 
geothermal HP 
2006 8'800 
IT 5 Torino Office and 
laboratories 
All water 2009 (chiller) 2'500 
IT 6 Trieste Retirement 
home 
all air system (CAV) 1810 (Refurbished in 
1998) 
8'000 
IT 7 Pordenone City council All water 1980 3'400 
IT 8 Pordenone Retirement 
home 
Air and water (fan-
coils) 
1988 1'600 
IT 9 Torino University 
classrooms 
all air system (CAV) 2006 1'800 
IT 10 Torino Single room 
offices 
VRF heat pump 
system 
1891 (Refurbished in 
2006) 
5'000 
IT 11 Pordenone City council All water 1980 3'400 
IT 12 Turin Surgery rooms all air system (CAV) 1974 105 
IT 13 Pordenone Elementary 
school 
VRF heat pump 
system 
1970 3'000 
IT 14 Aosta Single room 
offices 
Air and water 
(chilled beams) 
2004 3'500 
The field trials were mainly medium size buildings, with a wide range of HVAC system solution currently installed 
in Italy. Specifically, FT IT-4 concerns a ground-source heat pump system with phase change materials thermal 
buffer, installed in an office and laboratories building. FT IT-9 regards a field test installation with absorption chiller 
and a desiccant cooling system. These systems are coupled with a CHP (Combined Heat and power) system, fired by 
natural gas. Table 6 shows the average values of installed HVAC systems in Italian FTs. For HVAC components, the 
range of Installed capacity has a wide spectrum of variability, as shown in Figure 16 and Figure 17. 
Table 6: Average installed system for FTs 
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Parameter 
Installed 
electrical load / 
kW 
Floor area 
served / m2 
GIA 
Installed 
capacity 
W/m2 
GIA 
Annual 
consumption 
kWh 
Average 
annual 
power W/m2 
Annual use 
kWh/m2 
Average 
annual 
power (% 
FLE) 
Total Chillers 
nominal cooling 
capacity (cooling 
output) 
             539.7          4'554.3         131.1          
Total Chillers              199.0          4'554.3         48.2         141'274.9              3.1              27.4 
         
7.4  
Total CW 
pumps[a]                35.3          4'554.3 
        
9.6           31'500.0              0.4               3.9  
         
6.4  
Total fans                29.7          4'554.3         9.7           35'000.0              0.6               5.0  
         
8.9  
Total humidifiers              
Total boilers           7'398.5                  -                   -     
Total HW pumps                18.0          7'398.5         4.4           34'483.3              0.2               2.0  
         
12.7  
Total HVAC 
electrical              225.3          7'398.5 
        
89.0         180'000.0              2.9              25.7 
         
9.3  
Total Building 
Elec kWh           7'398.5        1'251'304.0            18.2            159.0   
Total 
Boilers/Heat 
kWh 
           1'249.3          7'398.5         172.4       1'551'337.0            13.8            120.6 
         
7.1  
Total Building 
Gas/Heat kWh           8'478.2        2'902'100.0            13.2            115.8   
 
Figure 16: Installed capacity of HVAC subsystems with high energy input, the pointer represents the average value, while the line is 
traced from minimum to maximum value. The value in W/m2 represents respectively: Cooling power, electric energy input, electric 
energy input, Thermal power. 
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Figure 17: Installed capacity of HVAC subsystems with low electric energy input, the pointer represents the average value, while the line 
is traced from minimum to maximum value. The value in W/m2 represents electric energy input. 
Field trials were used to test methodology and to understand what parts of the system need to be controlled to ensure 
efficiency of the HVAC system. The ECOs identified in FT were analyzed with different approaches as for the CS. 
One of the main goals of FTs was in fact to obtain as much information as possible from a fast and cost-effective 
inspection, which did not imply long term measurements, nor deeply calibrated simulations. Nevertheless, short term 
measurement were sometimes performed to assess some ECOs, as explained below. All the ECOs found are listed in 
Table 7.  
Table 7: ECOs found on field trials 
ECO DESCRIPTION IM Item % of FT where this ECO was 
found 
E2.6 Apply night time over ventilation PI6, PI12, C5, C6, C7 13% 
E4.5 Replace electrical equipment with 
Energy Star or low consumption types 
PI22 25% 
E4.6 Replace lighting equipment with low 
consumption  types 
PI22 88% 
O1.1 Generate instructions (“user guide”) 
targeted to the occupants 
PI7, PI8, PI9, PI10, P4 38% 
O1.3 Train building operators in energy – 
efficient O&M activities 
PI1, PI2 100% 
O1.4 Introduce an energy – efficient 
objective as a clause in each O&M 
contract 
PI1, PI2 100% 
O1.5 Introduce benchmarks, metering and 
tracking as a clause in each O&M 
contract, with indication of values in 
graphs and tables 
PI1, PI2 75% 
O1.6 Update documentation on system / 
building and O&M procedures to 
maintain continuity and reduce 
troubleshooting costs 
PI1, PI2 75% 
O1.7 Check if O&M staff are equipped with 
state – of – the – art diagnostic tools 
PI1, PI2 75% 
O2.2 Shut off A/C equipments when not 
needed 
PI7, PI12, PI21, C8  13% 
Installed capacity
-
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O2.3 Shut off auxiliaries when not required PI7, PI8, PI9, PI10, P4 13% 
O2.6 Implement pre-occupancy cycle PI7, PI12, PI21, C8  13% 
O3.1 Shut chiller plant off when not required PI7, PI12, PI21, C8  13% 
O3.5 Maintain proper starting frequency and 
running time of (reversible) chillers 
PI7, PI12, PI21, C8  38% 
O3.7 Maintain proper evaporating and 
condensing temperatures 
C1, C2 C8 38% 
O3.12 Maintain proper heat source/sink flow 
rates 
C1, C2 C8 38% 
O3.15 Maintain full charge of refrigerant C1, C2 C8 25% 
O3.16 Clean finned tube evaporator / 
condenser air side and straighten 
damaged fins 
C1, C2 C8 25% 
O3.17 Clean condenser tubes periodically C1, C2 C8 38% 
O3.20 Apply indirect free cooling using the 
existing cooling tower (free chilling) 
PI7, PI12, PI21, C8  38% 
O4.3 Shut off coil circulators when not 
required 
PI7, PI12, PI21, C8  13% 
P2.5 Improve central chiller / refrigeration 
control 
PI7, PI12, PI21, C8  38% 
The ECO concerning management and training of personnel are substantially applicable in every building of medium 
size. Potential energy savings due to these ECOs are high, about 10-30% of total HVAC consumption. 
Table 8 summarizes the ECOs that have been identified and evaluated. All ECOs belong to the O&M (Operation & 
Maintenance) category and may therefore be implemented at virtually no-cost. 
Table 8: Examples of ECOs assessed on measured data 
 ECO description Potential savings 
1. Avoid simultaneous heating and cooling 61.5% on winter chiller consumption 
2. Improvement of chiller control 8-15% on annual chiller consumption 
3. Shut off chiller when not required 30% on annual chiller consumption 
4. Shut off VRF system when not required 26.7% on weekly winter VRF consumption 
5. Reducing operation time of chiller 6.2% per hour of daily operation reduction 
FT IT-1: Inspection and monitoring of an office building of recent construction 
An identified ECO is the possibility of turning the cooling plant off at night and during weekends: the BMS data in 
fact reveal no significant differences in chiller energy consumption between occupied and non-occupied periods 
(Figure 18). During the monitored January – May period, about 40% of the consumption occurs in the workdays 
(7:00-18:00) and the remaining 60% during weekends and at night. Spot measurements made during one working 
day in summer yield opposite percentages: 61% (7:00-18:00) and 39% (rest of day). Extrapolating similar analysis 
performed in CS IT-3, in which a VRF system was monitored over several seasons with different operating 
schedules, savings on the order of 30% in annual chiller consumption may be expected in comparable climatic 
conditions. 
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Figure 18: Daily electric consumption of central cooling plant: workdays and weekends 
FT IT-3: Inspection and monitoring of the operating rooms of a general hospital  
The experimental setup for the monitoring of the three operating rooms is shown in Figure 19. The graphs in Figure 
20, representing the indoor and outdoor temperature values measured over a five week period in November – 
December, indicate that the HVAC system does not always allow a satisfactory temperature control during surgical 
activities (i.e. T > 22°C), even with low outdoor temperatures and with the chiller continuously operating at about 
25% load. This circumstance can be better appreciated in the carpet plot on the right part of the figure. 
 
 
 
EC1: electric chiller no. 1 
EC2: electric chiller no. 2 
Pc1: active power of EC1 
Pc2: active power of EC2 
TcIN: cold water supply temperature 
TcOUT: cold water return temperature 
PUTA: AHU fan active power 
T1-T3: temperature and RH of surgery rooms 1-3 
Text: outdoor temperature 
Figure 19: Operating room HVAC monitoring experimental setup 
 
  
Figure 20: Outdoor and operating room temperatures and carpet plot of room temperature 
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Potential energy savings with improved chiller control is assessed with medium term measurements, carried out from 
December to February. This ECO consists of avoiding simultaneous heating and cooling and shutting off the chiller 
when outdoor temperature falls below a set level, which, for typical cooling load values, was assumed 14°C. Over 
the investigated four-week period (Figure 21), the chiller electric consumption occurring when the external 
conditions satisfy the requirement for free cooling is 4879 kWh, i.e. the 61.5% of total chiller consumption (7979 
kWh). Extrapolating these figures to the entire year, and taking into account the results of a similar analysis 
performed in case study n. 2, savings of 8-15% in annual chiller consumption may be expected in comparable 
climatic conditions. 
 
 
Figure 21: Outdoor / indoor temperature - chiller electric consumption (December – January) 
FT IT-11: Effect of the operating schedule on a chiller electric consumption 
The case study considers a public building equipped with a two-pipe fan-coil system, installed at the time of building 
construction (1970), coupled to a gas boiler and water-cooled electric chiller; the latter unit was replaced in 2002 and 
is in good overall maintenance status. In consideration of the low thermal capacity of the building, the study was 
focused on assessing the effect of a reduced system operational schedule. An electric meter was installed on the 
chiller, to measure the hourly consumption; the chiller operates six days a week (at reduced load on Saturdays), 
while it is completely shut off on Sundays. 
Three different operating schedules, each applied for about four weeks, were adopted to investigate the effects of 
varying the chiller on-period: A: 11 hrs ON (7:00-18:00); B: 14 hrs ON (6:00-20:00); C: 10 hrs ON (7:00-17:00). 
The monitoring results are summarized by the three energy signatures of Figure 12, each referred to one of the chiller 
operation schedules. The temperature dependence of electric consumption is fairly linear, with acceptable correlation 
coefficients (particularly for schedules A and C), and exhibits comparable trends, ranked as expected for increasing 
operation ON-times. Taking into account the statistical distribution of temperatures, it that, by reducing the chiller 
operation time from 14 hrs/day (B) to 11 hrs/day (A), a 20.7% reduction of chiller mean daily consumption was 
achieved; a further reduction to 10 hrs/day (C) increased the savings to 22.1%. These values correspond to average 
savings of 6.2% per hour of daily operation reduction. 
 
 
Figure 22: Chiller electric consumption vs daily mean external temperature 
POLITO FT-SRI Chiller hourly consumption VS Temperature (22 Dec 2008-18 Jan 2009)
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Refrigeration equipment performance analysis 
ECOs concerning specifical chiller/heat pumps parameter need an experimental analysis. 
The experimental analysis of water chiller or heat pump performance requires specific instrumentation which allows 
the measurement of the thermodynamic conditions of the refrigerant fluid and the electric input to the compressor 
and auxiliaries. The instrument that was used by the authors [3] is equipped with refrigerant fluid pressure gauges 
(compressor inlet and outlet) and temperature sensors (refrigerant temperature at compressor inlet / outlet, and 
condenser outlet; secondary water at condenser inlet / outlet); the temperature sensors are clamped on the fluid pipes, 
while the pressure gauges must be connected to the dedicated ports present in most refrigeration equipment. In 
addition, the instrument is connected to two power meters, to log the electrical consumption of up to two 
compressors. A data base of the thermodynamic properties of the refrigerant fluid is provided, yielding the 
refrigerant saturation temperature values corresponding to the measured pressures. This allows the determination of 
meaningful operative parameters, such as vapor superheating at the evaporator outlet, and fluid subcooling at the 
condenser outlet. For the estimation of the isentropic efficiency of the compressor, an assumption must be made on 
heat exchange in the compression phase. 
The above data make it possible to draw the actual thermodynamic cycle and to calculate the enthalpy difference 
between compressor inlet and outlet: based on this figure, and by estimating the electric and mechanical efficiencies 
of the compressor and motor, it is finally possible to determine the system COP and refrigeration flow rate, using the 
measured value of the electric energy consumption of the compressor motor. The above described instrument may 
therefore be employed both as an energy evaluation and diagnostic tool, for identifying system faults such as 
evaporator or compressor fouling, insufficient refrigerant charge, or poor compressor efficiency. These defects can 
be readily corrected with maintenance actions, therefore achieving significant energy savings [4]. 
FT IT-7: Performance analysis of an open-loop water-condensed electric chiller 
The first analysis presented was performed on the electric chiller of field trial n°7. The unit assessed is a water 
condensed chiller, using underground water as the cooling medium. The unit consists of two refrigerant circuits, each 
including compressor and evaporator, connected to a single condenser. The compressors are of the reciprocating 
type, with multiple cylinders and suction and discharge valves, and can operate at two load levels, thus allowing four 
degrees of partialisation. Previous to the performance assessment, the HVAC system was inspected following the 
HARMONAC guidelines and inspection methodology. The inspection results, for the considered chiller, showed a 
good state of maintenance. No sign of oil leakages was detected. Prior to the test the unit was considered perfect. The 
assessment data (Figure 23), however, showed that some operating parameters were critical, and that the unit 
performance was not always satisfactory. 
Figure 23a shows the electric power input and the isentropic efficiency of the two compressors under different load 
conditions. Figure 23b shows, for the same operating conditions, the chilled water temperatures at the evaporator’s 
inlet and outlet, and the refrigerant fluid temperature in the two evaporators. Finally, Figure 23c indicates the two 
circuits COP and compression ratio. The experimental data reveal that: 
• At full load, the power input to compressor n. 1 (C1) is very close to its nominal value (39.45 kW), while the 
corresponding value for compressor n. 2 (C2) is about 10% lower; in terms of isentropic efficiency, C2 is about 
5% more efficient than C1. At partial load, the performance difference between C1 and C2 is very small, both in 
terms of isentropic efficiency and input power (see Figure 23a). Probably, the lower C2 performance at full load 
is caused by problems in the cylinders that are disconnected at part load. 
• Circuit 2 is likely to have a low refrigerant charge, which explains the lower evaporation temperature (around – 
4°C, with risk of freezing at the water side, see Figure 23b), and unstable COP values, caused by continuous flash 
evaporation (Figure 23c); the same graph also indicates that C2 has a higher pressure ratio than C1. A correct 
charge would increase the evaporation temperature with an increase in COP on the order of 3-5%/K. 
• Other monitoring results (not shown in the graphs) also reveal an excessive superheat at the evaporator’s outlet, 
which may be corrected by adjusting or replacing the expansion valve. 
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C1: full load 
C2: full load
C1: full load 
C2: partial 
C1: full load 
C2: off
C1: partial load 
C2: off
Part-load efficiency of C1 
and C2 is very similar 
(a)
(b) 
Figure 23: FT IT-7: Chiller parameters logged 
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Field trial IT-6: Performance analysis of an water-condensed chiller with evaporative tower 
The second analysis refers to the electric chiller of Field Trial n. 6. The unit assessed is a water condensed chiller 
installed in 1996. The unit is composed by two refrigerating circuits, served by two compressors, two condensers and 
a single evaporator. The compressors are of the reciprocating type with multiple cylinders and suction and discharge 
valves. Results are presented in Figure 24. 
 
 
Figure 24: Chiller parameters logged 
The analysis shows that: 
1. The ΔT in the evaporator between evaporation dew point and cool water outlet is very high, more than 10 
K. A good system would have 3-5 K. The high value of the ΔT is probably caused by the high value of the 
superheat (12.4 K). Decreasing the value of the superheat appears to be a good solution to increase the 
temperature of evaporation. Experimental data indicate that for every degree of evaporation increase, the 
capacity and COP increase almost by 3-5% [3]. 
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2. The ΔT in the condenser between outlet gas temperature and condensing water outlet is very high, more 
than 10 K. A good value for a new condenser would be 2 K and an adequate value for an old condenser 6 K. 
It appears that the condenser is undersized or fouled. Experimental data indicate that for every degree over 
the mentioned ΔT, the  system wastes 1-3% energy. 
3. The compressor is working properly and is in good state, with a 67% efficiency. 
4. The sub-cooling could be raised to 4-6 K (presently it is about 1.8 K), the evaporator will work better with 
this value. 
As a conclusion, the chiller COP would have been much better with higher evaporator and lower condenser 
temperatures, aimed at obtaining a lower pressure ratio. Of course, an adjustment of the expansion valve (TXV) is 
necessary, and a special attention should be paid to determining the new set point values, in order to avoid the vapor 
hunting instability.  
For each FT a timing table was produced. The average values on Italian FTs are listed In Table 9. 
Table 9: Average timing table for FTs 
Inspection Item Short Description 
Average 
time (mins) 
S.Dev time 
(mins) 
PI1 Location and number of AC zones 15.0 7.0 
PI2 Documentation per zone 21.6 14.0 
PI3 Figures of zones/building 14.3 3.4 
PI4 General zone data/zone 13.5 3.7 
PI5 Construction details/zone 16.7 8.2 
PI6 Building mass/air tightness per zone 8.5 4.5 
PI7 Occupancy schedules per zone 7.8 2.0 
PI8 Monthly schedule exceptions per zone 1.8 0.6 
PI9 HVAC system description and operating setpoints per zone 29.3 19.4 
PI10 Original design conditions per zone 14.6 7.2 
PI11 Current design loads per zone 40.2 34.6 
PI12 Power/energy information per zone 7.5 3.3 
PI13 Source of heating supplying each zone 3.2 1.3 
PI14 Heating storage and control for each zone 7.7 5.6 
PI15 Refrigeration equipment for each zone 6.4 4.6 
PI16 AHU for each zone 9.2 6.7 
PI17 Cooling distribution fluid details per zone 7.7 2.9 
PI18 Cooling terminal units details in each zone 7.6 5.7 
PI19 Energy supply to the system 1.3 0.5 
PI20 Energy supply to the building 1.1 0.3 
PI21 Annual energy consumption of the system 28.6 50.6 
PI22 Annual energy consumption of the building 22.2 37.2 
  TOTAL AVERAGE TIME TAKEN (minutes) 286 223 
  TOTAL AVERAGE SECONDS PER UNIT AREA (seconds/m2) 6.6 Area (m2) 
 
Inspection Item Short Description 
Average 
time (mins) 
S.Dev time 
(mins) 
PC1 Details of installed refrigeration plant 19.7 8.5 
PC2 Description of system control zones, with schematic drawings. 12.7 2.3 
PC3 Description of method of control of temperature. 11.9 3.3 
PC4 Description of method of control of periods of operation. 3.6 2.6 
PC5 Floor plans, and schematics of air conditioning systems. 10.1 6.5 
PC6 Reports from earlier AC inspections and EPC’s 0.0 0.0 
PC7 Records of maintenance operations on refrigeration systems 5.0 2.6 
PC8 Records of maintenance operations on air delivery systems. 6.4 6.8 
PC9 Records of maintenance operations on control systems and sensors 0.0 0.0 
PC10 Records of sub-metered AC plant use or energy consumption. 6.2 5.2 
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PC11 Commissioning results where relevant 0.0 0.0 
PC12 An estimate of the design cooling load for each system 36.1 23.3 
PC13 Records of issues or complaints concerning indoor comfort conditions 0.0 0.0 
PC14 Use of BMS 14.0 3.8 
PC15 Monitoring to continually observe performance of AC systems 1.7 2.9 
C1 Locate relevant plant and compare details 30.0 8.7 
C2 Locate supply the A/C system and install VA logger(s) 77.2 48.5 
C3 Review current inspection and maintenance regime 6.0 3.5 
C4 Compare system size with imposed cooling loads 10.6 10.1 
C5 Estimate Specific Fan Power of relevant air movement systems 8.3 9.8 
C6 Compare AC usage with expected hours or energy use 20.4 4.5 
C7 Locate refrigeration plant and check operation 9.8 2.7 
C8 Visual appearance of refrigeration plant and immediate area 3.8 0.7 
C9 Check refrigeration plant is capable of providing cooling 4.0 1.7 
C10 Check type, rating and operation of distribution fans and pumps 8.9 5.4 
C11 Visually check condition/operation of outdoor heat rejection units 15.8 7.6 
C12 Check for obstructions through heat rejection heat exchangers 5.5 5.0 
C13 Check for signs of refrigerant leakage 7.2 3.2 
C14 Check for the correct rotation of fans 1.0 2.6 
C15 Visually check the condition and operation of indoor units 48.6 43.0 
C16 Check air inlets and outlets for obstruction 27.5 38.1 
C17 Check for obstructions to airflow through the heat exchangers 27.5 38.1 
C18 Check condition of intake air filters. 24.5 38.6 
C19 Check for signs of refrigerant leakage. 23.5 39.0 
C20 Check for the correct rotation of fans 35.9 35.0 
C21 Review air delivery and extract routes from spaces 32.0 36.6 
C22 Review any occupant complaints 2.0 4.5 
C23 Assess air supply openings in relation to extract openings. 108.1 174.6 
C24 Assess the controllability of a sample number of terminal units 29.6 26.8 
C25 Check filter changing or cleaning frequency. 15.3 17.0 
C26 Assess the current state of cleanliness or blockage of filters. 12.9 18.4 
C27 Note the condition of filter differential pressure gauge. 6.4 5.9 
C28 Assess the fit and sealing of filters and housings. 24.1 15.4 
C29 Examine heat exchangers for damage or significant blockage 12.6 18.5 
C30 Examine refrigeration heat exchangers for signs of leakage 12.6 18.5 
C31 Note fan type and method of air speed control 9.6 19.3 
C32 Check for obstructions to inlet grilles, screens and pre-filters. 6.8 5.2 
C33 Check location of inlets for proximity to sources of heat 4.9 6.1 
C34 Assess zoning in relation to internal gain and solar radiation. 23.9 18.7 
C35 Note current time on controllers against the actual time 9.6 2.1 
C36 Note the set on and off periods 5.3 1.4 
C37 Identify zone heating and cooling temperature control sensors 12.2 8.3 
C38 Note zone set temperatures relative to the activities and occupancy 15.1 9.8 
C39 Check control basis to avoid simultaneous heating and cooling 6.9 3.8 
C40 Assess the refrigeration compressor(s) and capacity control 257.8 144.9 
C41 Assess control of air flow rate through air supply and exhaust ducts 26.9 38.0 
C42 Assess control of ancillary system components e.g. pumps and fans 10.9 5.8 
C43 Assess how reheat is achieved, particularly in the morning 1.1 3.0 
C44 Check actual control basis of system 7.9 1.3 
  TOTAL (minutes) 1'178 1'018 
  TOTAL (seconds/m2) 12.8 Area (m2) 
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6.5.4 PRACTICAL  EXPERIENCES  OF   INSPECTION  
Building owners and managers showed in general a good interest in HVAC inspection and results. The perception is 
that if the inspection was not mandatory, no one will accept to pay for this, even though the potential energy saving 
should repay in one year the cost of inspection itself. 
Italian experience on inspection demonstrates that almost all building owners seem interested in energy saving 
opportunity, but in practical few of them have the knowledge of how much energy an HVAC system is consuming. 
In general the attention is focused more on components specifications than on the real consumption data of these 
components. For this reason systems that are theoretically state of the art of HVAC, without properly control 
strategy, sometimes consumes more than older system. Assessing the consumption is possible only with on site 
measurements. 
The information on building and system provided by building owners varied sensibly, according to these factors: 
• Presence of an Energy Manager; 
• Age of the building and system; 
• Presence of an ESCO managing the HVAC system. 
In some Pre-Inspections we were able to obtain the building and system design documents in digital format, while in 
other cases not even the model of the installed chillers were available. Italian Inspections were characterized by a 
good access to all the part of the buildings inspected. No limitation to our access was imposed (the only exception 
was represented by the surgery rooms for hygienic reasons). In most FT the inspection team was always 
accompanied by one in-house technician, while in other cases we got the keys of HVAC stations and we made the 
inspection without any assistance. 
Italian Inspection experience demonstrates that the person who performs the inspection needs a specific preparation 
on: 
• Building structure typology 
• HVAC system design 
• HVAC system operation 
• In-situ measurements 
Specific HVAC system operation knowledge is not trivial: university does not prepare to that and HVAC system 
designers often do not have such know-how. A specific education module should be implemented to prepare futures 
inspectors.  
The experimental analysis of chillers is a clear demonstration of that: a refrigeration technician is needed to mount 
the probes in the right position and to understand the different partialization and compressor cooling strategies of the 
chiller, while an experienced engineer is needed to interpret the results provided by the data logger. 
An important help in Inspection should be the BMS, if properly designed and installed. Most tertiary buildings of 
new construction, or undergoing radical refurbishment, are now being equipped with sophisticated and powerful 
computer-based BMS, which monitor and control mechanical and electrical equipment such as lighting, power 
supply, fire prevention, security, and HVAC [5]. BMS can effectively perform energy metering (fuel consumption, 
electrical energy input to specific components, delivered energy to fluid networks), provided the energy metering 
functions are clearly indicated among the design specifications of the BMS in terms of installed instrumentation 
(electricity meters, temperature sensors, fluid flow meters, etc.), and SW characteristics. Our experience indicates, 
however, that adding such capability to an existing BMS implies very high costs and technical problems that are 
sometimes impossible to overcome. 
The experience gained in using existing BMS for HVAC energy monitoring has yielded several hints which may 
eventually lead to a complete specification. The following is a non-exhaustive list of recommendations to the 
designers and installers: 
• Electric meter characteristics (type of data collected, accuracy, data storage) and number (e.g. separate chillers + 
cooling tower, pumps, AHU). 
• Thermal energy meters: specifications for hot water and chilled water flow rate and temperature measurements. 
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• Environmental data measurements: indoor and outdoor air temperature and RH. 
• Time coding: the data acquisition time interval should be specified by the user, typically in the range from 15 
minutes up to 1 hr, depending on the type of data; the time sequence of collected data should never be 
interrupted, which means that, if for any reason the data are not collected at a given time, a conventional figure 
should be recorded. Daylight saving time should be managed in a non-ambiguous manner. 
• Data format: the correspondence between data and physical quantities should be clearly specified with 
alphanumeric codes that make the identification easy to the inspector. 
 
With a correctly installed BMS data of consumption the strategy and schedule of HVAC system should be 
understand, and also pointed the major energy savings opportunities. 
6.5.5 FINAL  SUMMARY 
Italian CS shown that HVAC inspection is fundamental to ensure efficiency of systems and, as a result, the best 
performance in terms of energy savings and comfort. BMS system should help in this issue, but they have to be 
originally designed for this purpose. 
Italian FT demonstrated that short term measurements could be a low cost solution to understand system behaviour 
and potential improvement. Building owner approach to system inspection shown clearly that there is a common 
under estimation of energy savings that could be reached by simply control strategy management. 
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6.6 OVERVIEW OF  CASE  STUDIES  AND FIELD  TRIALS  IN  SLOVENIA  
6.6.1 OVERVIEW  REPORT  ON  CASE STUDIES  AND  FIELD  TRIALS  UNDERTAKEN   IN  SLOVENIA  
In Slovenia, as part of project HarmonAC, 5 Case Studies (CS) and 20 Field Trials (FT) have been carried out. While 
a FT stands for inspection of air conditioning system at the designed methodology (pre-inspection, inspection), CS is 
also consisted of observations and measurements over a longer period of time. 
All cases of CS-was selected in Ljubljana. Buildings and systems have been built in the period from 1978 to 2001. 
Areas served by air conditioning systems varied between 720 and 36.000 m². All systems are centralized air 
conditioning system; heating is carried out in all cases with a connection to the district heating, while cooling is 
carried out with conventional compression chillers. 
Ft’s are mostly in Ljubljana and one in Velenje. Year of construction ranges from 1958 to 2008. The air conditioning 
systems are: Centralized systems and Packaged systems. Heating is generally done by district heating, but some are 
individual (oil, gas). Cooling is mainly carried out by compressors system, but we also have a cooling system 
working with heat (absorption cooling) and one system is connected to a trigeneration system (production of 
electricity, heat and cold). 
Overall, we figured out that the older systems have no central control system and therefore there is less data 
available. Newer systems have a central control system (BMS), where it is possible to follow all the parameters 
(temperature, flow, etc.) as well as the energy consumption of individual elements.  
Time needed for inspections was longer in first inspections and was than shortened. The reason for this is the fact 
that when we do the first inspections we have used a lot of time to understand HarmonAC methodology.  
The main purpose of the inspection was to find possible electricity savings. These potential savings are called Energy 
Conservation Opportunities – ECO’s. At FT we determined which ECOs are possible and which not, at CS we also 
calculated the energy savings where possible. 
In general, it was not difficult to get permissions to carry out inspection. The reason is that the owners and managers 
of the buildings did not have additional cost with inspection we performed. Only in one case it happened that we 
weren’t allowed to enter the building. The reason was that they had a bad experience by participating in one of the 
international project. That case involved the unauthorized use of the data – the presentation of that data presented the 
company in bad light. 
6.6.2 DATA  ANALYSIS  FOR CASE  STUDIES  
All five selected buildings for CS are in Ljubljana. The facilities have very different intended use: two buildings are 
offices, one is a cultural centre, supermarket and fitness centre. Facilities were chosen because of various air-
conditioning systems, as well as the availability of the necessary data and the interest of the owner of the system. The 
surface of selected buildings is different, from a large cultural centre (36000m²) to a small fitness centre (720m²). 
The year of construction of buildings stretching from 1971 to 2001. In table 1 are summarized characteristics of 
selected buildings. 
 
Table 17: CS – overview building characteristics 
 CS-SI-CD CS-SI-EU CS-SI-MI CS-SI-SPAR 
CS-SI-
ZPIZ 
Location Ljubljana Ljubljana Ljubljana Ljubljana Ljubljana 
Main activity Music/Theatre/ Dance Offices Fitness Supermarket Offices 
Year of construction 1980 2001 1999 1971 1978 
Net area served by system of 
interest(m²) 36000 11813 720 750 7200 
 
Building analyzed in the CS-SI-SPAR has been completely renovated in 2005, so in reality the oldest building is CS-
SI-ZPIZ. Table 2 provides an overview of data collected during HVAC system inspection.  
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Table 18: Average installed system for CS’s 
Parameter 
Installed 
electrical 
load / kW 
Floor 
area 
served / 
m2 GIA 
Installed 
capacity 
W/m2 GIA 
Annual 
consumption 
kWh 
Average 
annual 
power 
W/m2 
Annual 
use 
kWh/m2 
Average 
annual 
power (% 
FLE) 
Total Chillers nominal cooling capacity  745,4 11.296,6 69,1     
Total Chillers 207,5 11.296,6 23,3 260.837,8 3,9 34,5 20,5 
Total CHW pumps 4,7 4.198,6 1,5 6.743,6 0,2 2,0 13,7 
Total fans 19,2 4.198,6 10,0 49.629,0 2,4 21,0 29,2 
Total humidifiers  11.296,6      
Total boilers ELECTRICAL  11.296,6      
Total HW pumps 4,0 11.296,6 0,8 16.925,6 2,2 19,5 11,8 
Total HVAC electrical 287,4 11.296,6 28,9 384.641,2 4,1 35,6 15,8 
Total Building Elec kWh  11.912,2  1.399.561,0 23,0 201,5  
Total Boilers/Heat kWh 1.299,0 11.912,2 142,3 1.393.977,2 17,9 156,7 11,4 
Total Building Gas/Heat kWh  11.296,6      
 
Tables 3,4,5,6 and 7 give an overview of the installed loads and energy consumption of each CS. 
 
Table 19: Installed capacities and annual consumption: CS-SI-CD 
Parameter 
Installed 
electrical 
load / kW 
Floor area 
served / m2 
GIA 
Installed 
capacity 
W/m2 GIA 
Annual 
consumption 
kWh 
Average 
annual 
power 
W/m2 
Annual use 
kWh/m2 
Average 
annual 
power (% 
FLE) 
Total Chillers nominal cooling 
capacity (cooling output) 2.042,0 36.000,0 56,7     
Total Chillers 484,0 36.000,0 13,4 718.000,0 2,3 19,9 16,9 
Total CHW pumps 2,2 510,0 4,3 2.754,0 0,6 5,4 14,3 
Total fans 18,5 510,0 36,3 33.813,0 7,6 66,3 20,9 
Total humidifiers  36.000,0      
Total boilers ELECTRICAL  36.000,0      
Total HW pumps  36.000,0      
Total HVAC electrical 504,7 36.000,0 14,0 754.567,0 2,4 21,0 17,1 
Total Building Elec kWh  36.000,0  3.473.101,0 11,0 96,5  
Total Boilers/Heat kWh 3.277,0 36.000,0 91,0 3.326.420,0 10,5 92,4 11,6 
Total Building Gas/Heat kWh  36.000,0      
 
Table 20: Installed capacities and annual consumption: CS-SI-EU 
Parameter 
Installed 
electrical 
load / kW 
Floor area 
served / m2 
GIA 
Installed 
capacity 
W/m2 GIA 
Annual 
consumption 
kWh 
Average 
annual 
power 
W/m2 
Annual use 
kWh/m2 
Average 
annual 
power (% 
FLE) 
Total Chillers nominal cooling 
capacity (cooling output) 517,0 11.813,0 43,8     
Total Chillers 89,8 11.813,0 7,6 144.120,0 1,4 12,2 18,3 
Total CHW pumps 13,3 11.813,0 1,1 21.239,4 0,2 1,8 18,3 
Total fans 18,5 11.813,0 1,6 41.514,0 0,4 3,5 25,6 
Total humidifiers  11.813,0      
Total boilers ELECTRICAL  11.813,0      
Total HW pumps 3,7 11.813,0 0,3 2.366,2 0,0 0,2 7,3 
Total HVAC electrical 125,3 11.813,0 10,6 209.239,6 2,0 17,7 19,1 
Total Building Elec kWh  11.813,0  744.681,0 7,2 63,0  
Total Boilers/Heat kWh 479,0 11.813,0 40,5 306.330,0 3,0 25,9 7,3 
Total Building Gas/Heat kWh  11.813,0      
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Table 21: Installed capacities and annual consumption: CS-SI-MI 
Parameter 
Installed 
electrical 
load / kW 
Floor area 
served / m2 
GIA 
Installed 
capacity 
W/m2 GIA 
Annual 
consumption 
kWh 
Average 
annual 
power W/m2 
Annual 
use 
kWh/m2 
Average annual 
power (% FLE) 
Total Chillers nominal 
cooling capacity (cooling 
output) 
31,0 720,0 43,1     
Total Chillers 12,5 720,0 17,4 49.597,0 7,9 68,9 45,3 
Total CHW pumps  720,0      
Total fans 1,6 720,0 2,2 4.626,0 0,7 6,4 33,0 
Total humidifiers  720,0      
Total boilers ELECTRICAL  720,0      
Total HW pumps  720,0  54.223,0 8,6 75,3  
Total HVAC electrical  720,0      
Total Building Elec kWh  3.798,0  503.857,0 15,1 132,7  
Total Boilers/Heat kWh 750,0 3.798,0 197,5 663.000,0 19,9 174,6 10,1 
Total Building Gas/Heat kWh  720,0      
 
Table 22: Installed capacities and annual consumption: CS-SI-SPAR 
Parameter 
Installed 
electrical 
load / kW 
Floor area 
served / m2 
GIA 
Installed 
capacity 
W/m2 GIA 
Annual 
consumption 
kWh 
Average 
annual 
power W/m2 
Annual 
use 
kWh/m2 
Average annual 
power (% FLE) 
Total Chillers nominal 
cooling capacity (cooling 
output) 
37,0 750,0 49,3     
Total Chillers 13,0 750,0 17,3 14.040,0 2,1 18,7 12,3 
Total CHW pumps 0,2 750,0 0,3 216,0 0,0 0,3 12,3 
Total fans 1,6 750,0 2,1 4.672,0 0,7 6,2 33,3 
Total humidifiers  750,0      
Total boilers ELECTRICAL  750,0      
Total HW pumps 0,8 750,0 1,1 950,5 0,1 1,3 12,8 
Total HVAC electrical 15,6 750,0 20,8 19.879,0 3,0 26,5 14,5 
Total Building Elec kWh  750,0  334.384,0 50,9 445,8  
Total Boilers/Heat kWh 89,0 750,0 118,7 99.636,0 15,2 132,8 12,8 
Total Building Gas/Heat kWh  750,0      
 
Table 23: Installed capacities and annual consumption: CS-SI-ZPIZ 
Parameter 
Installed 
electrical 
load / kW 
Floor area 
served / m2 
GIA 
Installed 
capacity 
W/m2 GIA 
Annual 
consumption 
kWh 
Average 
annual 
power W/m2 
Annual 
use 
kWh/m2 
Average annual 
power (% FLE) 
Total Chillers nominal 
cooling capacity (cooling 
output) 
1.100,0 7.200,0 152,8     
Total Chillers 438,0 7.200,0 60,8 378.432,0 6,0 52,6 9,9 
Total CHW pumps 3,2 7.200,0 0,4 2.764,8 0,0 0,4 9,9 
Total fans 56,0 7.200,0 7,8 163.520,0 2,6 22,7 33,3 
Total humidifiers  7.200,0      
Total boilers ELECTRICAL  7.200,0      
Total HW pumps 7,5 7.200,0 1,0 10.162,5 0,2 1,4 15,5 
Total HVAC electrical 504,0 7.200,0 70,0 554.879,0 8,8 77,1 12,6 
Total Building Elec kWh  7.200,0  1.941.782,0 30,8 269,7  
Total Boilers/Heat kWh 1.900,0 7.200,0 263,9 2.574.500,0 40,8 357,6 15,5 
Total Building Gas/Heat kWh  7.200,0      
 
6.6.3 MONITORING  STRATEGIES  AND  MAIN OVERALL  FINDINGS 
 
For all Case Studies in addition to air conditioning inspection, also on-site measurements were conducted. If 
possible, we used already installed metering equipment and data from the BMS. Where we could not get the data 
needed, we performed required measurements. 
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CS-SI-CD: 
For this Cultural building we received data for the use of electricity, heat and water supply. Operating hours of 
chiller have been measured: 
 
Table 24: Operating hours of compressor 
  JAN FEB MAR APR MAJ JUN JUL AVG SEP OKT NOV DEC
HL. KOMPR.  I 0 0 0 190 278 278 247 62 149 48 0 0 
HL. KOMPR.  II 0 0 0 0 0 180 0 49 0 0 0 0 
 
From collected data we found out that, because of age of refrigeration equipment (30 years), it is necessary to be 
replaced. Chiller use old refrigerant R22 now banned for use, and has low COP (2,1). We propose a replacement 
with a new cooling device with a higher COP (4,49). By changing the cooling device power consumption of 
refrigeration equipment can be reduced by 53% (see tables 9 and 10; case A - old system, case B - new system): 
 
Table 25: Characteristics of old and new chiller  
 
Table 26: Energy consumption (old and new chiller) 
 
 
CS-SI-EU: 
Eurocenter is the newest building of all Case Studies in Slovenia. Consequently, a very good central control system 
(BMS) is installed. Without problems we get the data of the use of thermal energy, cooling energy, electric energy 
for whole building and water consumption. We have measured the indoor temperature and humidity with storing data 
every 10 minutes. 
 
Graph 1: Indoor temperature and relative humidity (23.07.2009, 15:00-23:50) 
Due to the low age of the building and well maintained system, a set of possible measures to reduce energy 
consumption is smaller than usual. For the main energy consumption opportunity we have selected the replacement 
of internal blinds with external system. By installing external blinds we reduce heat transfer through the glass façade 
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4,49 
Measured energy Consumption:  1021 kW 1024 kW 
Nominal electric power: 484 kW 184 kW 
Total operating time of the chiller: 1481 h 1481 h 
Operating time of the chiller 1: 1252 h 1252 h 
Operating time of the chiller 2: 229 h 229 h 
 COP Use energy Chiller 1 Use energy Chiller 2 Total energy used 
Case A 2,1 608 MWh 110  MWh 718 MWh 
Case B 4,49 284 MWh 52  MWh 336 MWh 
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of the building. The simulation was performed using the CAT Tool. By installing external blinds we save 25% of 
energy needed for cooling the building. 
 
 
Figure 1: CAT simulation used to calculate effect of replacing blinds 
 
 
CS-SI-MI: 
For Millenium fitness centre, we got monthly values for electric energy consumption and thermal energy 
consumption. The facility has an independent cooling system, heating is shared with some nearby buildings. In the 
facility we measured ambient temperature, mean radiant temperature and relative humidity. 
 
 
Graph 2: Indoor temperature and relative humidity on 5.9.2008 
At air-conditioning inspection we found out that the system has very damaged pipe insulation. We calculated the 
savings brought by repairing insulation. Annual energy use for cooling is reduced by 6,6% (see table 11): 
 
Table 27:  Heat transfer through the walls of pipes with old and new insulation 
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surface pipe [A] 0,168 2m  0,168 2m  
temperature difference [ TΔ ] 29 °C 29 °C 
heat transfer [k] 27,7 Km
W
2  3,5 Km
W
2  
Operation times [t] 1800 h 1800 h 
Transition heat through the walls of pipes [ Q& ] 134,9 W 17 W 
Annual transition heat through the walls of pipes [ lQ& ] 200,7 kWh 30,6kWh 
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CS-SI-SPAR: 
Supermarket Spar is the only one of CS, which is not heated by district heating. They use natural gas for heating. The 
operator of the facility provides us with information about the use of electricity, water and natural gas. In facility we 
measured ambient temperature, mean radiant temperature and relative humidity.   
 
Graph 3: Indoor temperature and relative humidity from 23.7.2008 to 30.8.2008 
 
In analyzing the data obtained, we found that building has a lot of heat gains. The largest proportion is obtained 
through large windows (the entire south side of the building) without window blinds, shades. So we decided that a 
major ECO is installation of external blinds. Energy use with and without blinds were recalculated using the 
ArchiMAID program. With the installation of blinds we reduce the annual use for cooling by 22% (tables 12 and 
13): 
 
Table 12: Energy use without blinds (Case A): 
Annual input energy for kWh 
Heating  203524,5 
Hot water  19478,4 
Heating and hot water  209957,5 
Cooling  10762,8 
Ventilation  83545,7 
Humidifier  0 
Lighting  15206,4 
Auxiliary power  83636,7 
to operate buildings 332690,6 
Heating energy per unit area of the building [kWh/m2a] 328,17 
heating energy per unit volume of the building [kWh/m3a] 105,02 
 
Table 13: Energy use with blinds (Case B): 
Annual input energy  kWh 
Heating  209187,5 
Hot water  19478,4 
Heating and hot water  215620,5 
Cooling  8409,1 
Ventilation  83545,7 
Humidifier  0 
Lighting  15206,4 
Auxiliary power  83610,7 
to operate buildings 330935,1 
Heating energy per unit area of the building [kWh/m2a] 326,44 
heating energy per unit volume of the building [kWh/m3a] 104,46 
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Electric power consumption - Outdoor temperature 2007/2008
0
50
100
150
200
250
300
350
400
450
1.
7.
20
07
2.
7.
20
07
3.
7.
20
07
4.
7.
20
07
5.
7.
20
07
6.
7.
20
07
7.
7.
20
07
8.
7.
20
07
Date
El
ec
tri
c 
po
w
er
 c
on
su
m
pt
io
n 
[k
W
]
0
5
10
15
20
25
30
35
Te
m
pe
ra
tu
re
 [°
C
]
Electric power consumption Outdoor temperature
Electric power consumption - Outdoor temperature 2007/2008
0
50
100
150
200
250
300
350
400
1.
1.
20
07
2.
1.
20
07
3.
1.
20
07
4.
1.
20
07
5.
1.
20
07
6.
1.
20
07
7.
1.
20
07
8.
1.
20
07
Date
El
ec
tri
c 
po
w
er
 c
on
su
m
pt
io
n 
[k
W
]
-4
-2
0
2
4
6
8
10
12
Te
m
pe
ra
tu
re
 [°
C
]
Electric power consumption Outdoor temperature
CS-SI-ZPIZ: 
Building ZPIZ was the subject of a number of studies. Building manager provides us with information on the use of 
whole building electricity and heat consumption. We have measured the temperatures, humidity, electricity 
consumption and flow rates. 
 
Table 14: Airflow parameters 
Floor Average Speed (m/s) Frequency (min-1)  Current (A) Voltage (V) Power (%) 
9 4,13 1320 2,85 361 52 
8 2,23 1340 2,40 262 26 
7 2,09 1335 2,40 361 20 
6 1,73 1335 2,40 361 20 
5 2,60 1185 1,54 326 28,4 
4 2,07 1325 1,58 361 26 
3 2,61 1330 1,50 362 24 
2 2,34 1333 2,03 361 21,9 
1 2,11 1202 2,50 326 19 
Ground floor 3,15 1105 2,90 302 21 
Basement 5,41 2580 3,00 350 34 
 
 
Graph 4: Different airflows 
 
Graph 5, 6: Electric power consumption on winter and summer 
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Graph 7: Impact of cooling on electric power consumption 
 
For the most important ECO we have chosen to reduce the airflows to optimal values. This ECO reduces energy 
consumption of air conditioning system by 14%. 
 
 
Graph 8: Percentage of saved energy 
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6.6.4 DATA  ANALYSIS  FOR FIELD  TRIALS  OF  THE HARMONAC   INSPECTION PROCEDURES 
General presentation of buildings 
In Slovenia was, for the project HarmonAC, analyzed 20 buildings (19 are from Ljubljana, one is from Velenje). We 
selected buildings with different purposes: offices, cultural centre, hospital, workshop, schools, sport facility 
(fitness), hotels, museums, supermarket and convention centre. 
 
Table 15 shows an overview of buildings and their characteristics. 
 
Table 285: FT-overview building characteristics 
 Name of the building Main activity 
Year of 
constru
ction 
Net area 
served by the 
system 
inspected (m²) 
FT-SI-GR Ljubljana Exhibition and Convention Centre Lecture hall 1958 15531 
FT-SI-VOKA Waterworks - canalization Offices 2001 2125 
FT-SI-EU Eurocenter Offices 2001 11813 
FT-SI-FS Faculty of Mechanical Engineering Classroom 1969 338,5 
FT-SI-CD Cultural Centre: Cankarjev Dom Music/Theatre/Dance 1980 36000 
FT-SI-MI Millenium Fitness 1999 720 
FT-SI-SPAR Spar Supermarket 1971 750 
FT-SI-ZPIZ ZPIZ Offices 1978 7200 
FT-SI-EL Energetika Ljubljana Offices 1977 3896 
FT-SI-EF Faculty of Economics Classroom 1976 13050 
FT-SI-PBS PBS Telephone/Data entry 1990 2000 
FT-SI-HU Hotel Union Conference 1905 15627 
FT-SI-KC University Clinical Center Hospital 1986 10031 
FT-SI-MONS Hotel Mons Conference 2004 9500 
FT-SI-NG National Gallery Gallery 2001 11778 
FT-SI-PK Palace Kapitelj Supermarket 2000 5220 
FT-SI-NLB NLB Offices 1969 528,6 
FT-SI-PV Premogovnik velenje Workroom 2002 1000 
FT-SI-SEM Slovenian Ethnographic Museum Museum 2004 6400 
FT-SI-TP Technology Park Laboratories 2008 1591 
 
Areas of buildings served by air-conditioning system ranged from 338.5 to 36000m². Graph 9 shows the net area 
served by system inspected. Age of buildings ranged from those older (Hotel Union-1905) to the ones from 
nowadays (Technological Park-2008).  
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Graph 9: net area served by system inspected 
 
We analyzed a lot of different systems depending on their size, type and use. Eleven of the twenty systems are all air 
system, two all water system and seven are air and water system (Graph 10). 
 
 
Graph 10: VAC system types inspected 
 
Graph 3 shows a comparison of cooling and heating capacity of the analyzed FTs in Slovenia. 
 
Graph 11: Cooling and heating capacity of systems inspected 
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Table 16 shows the heating and cooling capacity of the systems inspected. 
Table 16: Cooling and heating capacity of systems inspected 
  Cooling capacity(kW) Heating capacity(kW) 
FT-SI-GR 1332 1381 
FT-SI-VOKA 321 545 
FT-SI-EU 517 479 
FT-SI-FS 32,4 2071 
FT-SI-CD 2042 3277 
FT-SI-MI 31 750 
FT-SI-SPAR 37 89 
FT-SI-ZPIZ 1100 1900 
FT-SI-EL 552 335 
FT-SI-EF 275,2 2000 
FT-SI-PBS 175 200 
FT-SI-HU 771 500 
FT-SI-KC 200 1353 
FT-SI-MONS 342 1410 
FT-SI-NG 325 1000 
FT-SI-PK 360 640,9 
FT-SI-NLB 2780 1500 
FT-SI-PV 79,9 336,6 
FT-SI-SEM 218,5 471,2 
FT-SI-TP 165,4 165,3 
 
6.6.5 INSPECTION  TIMINGS  
 
All FTs consisted from the review of available documentation (pre-inspection) and the review of the air-conditioning 
systems on the facility (on-site inspection), as described in the HarmonAC inspection methodology. The following 
tables show the average time needed for pre-inspection and on-site inspection of central systems or packaged 
systems. The inspection conducted for the CS uses the same methodology and is therefore also considered in this 
analysis.  
 
During pre-inspection existing data and documents were collected and analyzed. Most information required is related 
to the building, the zones and the system inspected. For this part of the inspection, we spend an average of 153 
minutes, or slightly more than two and a half hours. Most of the time, about 25 minutes, we have used to located 
areas to be served by the system. Then with about 13 minutes follows a description of the structural composition of 
buildings. The highest time we spent for analyzing Kapitelj Palace (202 minutes), while we spent shortest time for 
analyzing the ZPIZ building.  
 
Analysis showed a quite good correlation between the time taken in seconds per m² and the size of building. Graph 
12 shows that in the larger buildings we spend less time per m². The average time taken per m² was 38 seconds. 
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Graph 12: Time taken for pre-inspection in seconds per m² 
 
Table 17: Average time taken for pre-inspection (mainly building data) 
Inspection Item Short Description Average time (mins) 
PI1 Location and number of AC zones 25,6 
PI2 Documentation per zone 12,9 
PI3 Images of zones/building 9,5 
PI4 General zone data/zone 8,2 
PI5 Construction details/zone 13,6 
PI6 Building mass/air tightness per zone 3,6 
PI7 Occupancy schedules per zone 3,7 
PI8 Monthly schedule exceptions per zone 4,4 
PI9 HVAC system description and operating setpoints per zone 7,8 
PI10 Original design conditions per zone 5,9 
PI11 Current design loads per zone 3,3 
PI12 Power/energy information per zone 4,9 
PI13 Source of heating supplying each zone 5,4 
PI14 Heating storage and control for each zone 2,5 
PI15 Refrigeration equipment for each zone 7,5 
PI16 AHU for each zone 8,0 
PI17 Cooling distribution fluid details per zone 6,9 
PI18 Cooling terminal units details in each zone 3,2 
PI19 Energy supply to the system 2,4 
PI20 Energy supply to the building 3,7 
PI21 Annual energy consumption of the system 5,1 
PI22 Annual energy consumption of the building 5,2 
  TOTAL AVERAGE TIME TAKEN (minutes) 153 
  TOTAL AVERAGE SECONDS PER UNIT AREA (seconds/m2) 11,0 
The on-site inspection of centralized systems was performed in 19 buildings. On the average we used 233 minutes or 
almost four hours for each system. Most of the time we spent on the “Locate relevant plant and compare details” that 
lasted 18.5 minutes. The second is “Locate supply the A/C system and install VA logger(s)”. For this, we spend 11.4 
minutes.  
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Graph 13: Time taken for on-site inspection of centralized systems 
 
The longest inspection was required for FT-SI-EL, which has a very complex system. The shortest on-site inspection 
was CS-SI-SPAR, which is a supermarket; a very simple structure and has a relatively simple system. 
On average, the on-site inspection lasted 11 seconds per m². More time is usually spent in the complex and older 
systems, while inspection takes place faster with newer systems. 
 
Graph 13 shows the correlation between the time taken for inspection per m² and the area served by the system. We 
have some variations, where we spent a lot of time for inspection of smaller buildings, and vice versa, where we 
spent less time for inspection of large buildings. Unlike pre-inspection, on-site inspection is much more complex and 
is affected with many other parameters, not only by the size of the facility. The on-site inspection also depends on 
the conditions at the facility, the availability of measurements and cooperation and knowledge of the system 
owner/manager. 
 
Table 18: Average time taken for on-site inspection of centralized systems 
Inspection Item Short Description Average time (mins) 
PC1 Details of installed refrigeration plant 5,3 
PC2 Description of system control zones, with schematic drawings. 4,1 
PC3 Description of method of control of temperature. 2,5 
PC4 Description of method of control of periods of operation. 2,5 
PC5 Floor plans, and schematics of air conditioning systems. 4,2 
PC6 Reports from earlier AC inspections and EPC’s 1,5 
PC7 Records of maintenance operations on refrigeration systems 1,9 
PC8 Records of maintenance operations on air delivery systems. 2,1 
PC9 Records of maintenance operations on control systems and sensors 1,9 
PC10 Records of sub-metered AC plant use or energy consumption. 3,2 
PC11 Commissioning results where relevant 2,1 
PC12 An estimate of the design cooling load for each system 3,5 
PC13 Records of issues or complaints concerning indoor comfort conditions 3,1 
PC14 Use of BMS 4,9 
PC15 Monitoring to continually observe performance of AC systems 2,4 
C1 Locate relevant plant and compare details 18,5 
C2 Locate supply the A/C system and install VA logger(s) 11,4 
C3 Review current inspection and maintenance regime 5,8 
C4 Compare system size with imposed cooling loads 4,3 
C5 Estimate Specific Fan Power of relevant air movement systems 3,6 
C6 Compare AC usage with expected hours or energy use 3,6 
C7 Locate refrigeration plant and check operation 6,2 
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C8 Visual appearance of refrigeration plant and immediate area 5,0 
C9 Check refrigeration plant is capable of providing cooling 3,6 
C10 Check type, rating and operation of distribution fans and pumps 3,5 
C11 Visually check condition/operation of outdoor heat rejection units 4,6 
C12 Check for obstructions through heat rejection heat exchangers 4,9 
C13 Check for signs of refrigerant leakage 4,5 
C14 Check for the correct rotation of fans 2,6 
C15 Visually check the condition and operation of indoor units 6,0 
C16 Check air inlets and outlets for obstruction 4,1 
C17 Check for obstructions to airflow through the heat exchangers 2,0 
C18 Check condition of intake air filters. 1,8 
C19 Check for signs of refrigerant leakage. 3,2 
C20 Check for the correct rotation of fans 2,1 
C21 Review air delivery and extract routes from spaces 4,1 
C22 Review any occupant complaints 2,9 
C23 Assess air supply openings in relation to extract openings. 3,6 
C24 Assess the controllability of a sample number of terminal units 2,6 
C25 Check filter changing or cleaning frequency. 2,9 
C26 Assess the current state of cleanliness or blockage of filters. 1,7 
C27 Note the condition of filter differential pressure gauge. 1,6 
C28 Assess the fit and sealing of filters and housings. 1,4 
C29 Examine heat exchangers for damage or significant blockage 2,0 
C30 Examine refrigeration heat exchangers for signs of leakage 1,9 
C31 Note fan type and method of air speed control 5,0 
C32 Check for obstructions to inlet grilles, screens and pre-filters. 5,9 
C33 Check location of inlets for proximity to sources of heat 4,3 
C34 Assess zoning in relation to internal gain and solar radiation. 8,1 
C35 Note current time on controllers against the actual time 5,8 
C36 Note the set on and off periods 2,4 
C37 Identify zone heating and cooling temperature control sensors 4,5 
C38 Note zone set temperatures relative to the activities and occupancy 2,3 
C39 Check control basis to avoid simultaneous heating and cooling 2,7 
C40 Assess the refrigeration compressor(s) and capacity control 5,9 
C41 Assess control of air flow rate through air supply and exhaust ducts 3,5 
C42 Assess control of ancillary system components e.g. pumps and fans 3,4 
C43 Assess how reheat is achieved, particularly in the morning 4,3 
C44 Check actual control basis of system 3,9 
  TOTAL (minutes) 233 
  TOTAL (seconds/m2) 11,1 
In Slovenia we analyzed only one packaged system. We spend 629 minutes or nearly six and a half hours for 
inspection. Most of the time (two hours) was taken for “check plant is capable for providing cooling”. Also a lot of 
time was taken for “review available documentation from pre-inspection”, “locate supply the A/C system and install 
VA logger(s), “write report”, “check external heat exchangers”. On the average we spend 50 seconds per m².  
 
Table 19: Average time taken for on-site inspection of packaged system 
Inspection Item Short Description 
Average time 
(mins) 
PP1 List of installed refrigeration plant 8 
PP2 Method of control of temperature. 6 
PP3 Method of control of periods of operation 5 
PP4 Reports from earlier AC inspections and EPC’s 8 
PP5 Records of maintenance operations 5 
PP6 Records of maintenance (control systems and sensors) 5 
PP7 Records of sub-metered air conditioning plant (use or energy) 6 
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Inspection Item Short Description 
Average time 
(mins) 
PP8 Design cooling load for each system 6 
PP9 Description of the occupation of the cooled spaces 4 
P1 Review available documentation from pre-inspection 90 
P2 Locate the plant and compare details with pre-inspection data 15 
P3 Locate supply to the A/C system and install VA logger(s) 60 
P4 Review current inspection and maintenance regime 6 
P5 Compare size with imposed cooling loads 15 
P6 Compare records of use or sub-metered energy with expectations 15 
P7 Locate outdoor plant 30 
P8 Check for signs of refrigerant leakage. 3 
P9 Check plant is capable of providing cooling 120 
P10 Check external heat exchangers 60 
P11 Check location of outdoor unit 2 
P12 Assess zoning in relation to internal gain and orientation 10 
P13 Check indicated weekday and time on controllers against actual 2 
P14 Note the set on and off periods 2 
P15 Identify zone heating and cooling temperature control sensors. 5 
P16 Note set temperatures in relation to the activities and occupancy 30 
P17 Provision of controls or guidance on use while windows open 1 
P18 Type, age and method of capacity control of the equipment 20 
P19 Write report 90 
  TOTAL AVERAGE TIME TAKEN 629,0 
  TOTAL (seconds/m2) 52,4 
 
The tables do not include the on of the most significant part of the system inspection; write a report. This report is 
an integral part of the inspection, although is not done at the facility we inspect, but is done when the on-site 
inspection is already completed. Writing report takes a lot of time, an average of three hours for each system. 
However, this time decreases dramatically when we repeat the inspection at the facility, which has already been 
inspected before and we will be able to use the last inspection report. 
6.6.6 MOST SIGNIFICANT ECOS  
Because of a number of different buildings, their purpose and installed air conditioning system, we found a lot of tips 
for reducing energy consumption (ECO). Table 20 shows the range of the most common ECOs, found in 20 
inspected buildings. Most often (in 19 cases) appear ECO E4.8: Introduce daylight/occupation sensors to operate 
lighting switches. Then, with 90% followed by next ECOs: ECO E2.6: generate possibility of night time 
overventilation, ECO O2.2: shut off A/C equipment when not needed, ECO O3.1: shut chiller plant off when not 
required. Most of these ECOs concerns improvement of control over the operation of the air conditioning system. 
 
Table 20: List of most significant and frequent ECOs 
  Most significant ECOs 
Percentage of 
systems 
E1.4 Replace internal blinds with external systems 50% 
E1.7 Maintain windows and doors 40% 
E2.1 Generate possibility to close/open windows and doors to match climate 40% 
E2.6 Generate possibility of night time overventilation 90% 
E3.4 Add insulation to exterior wall externally 40% 
E3.7 Locate and minimize the effect of thermal bridges 40% 
E3.9 Use double or triple glaze replacement 40% 
E4.4 Provide means of reducing electrical peak demand through load shedding 60% 
E4.5 Replace electrical equipment with Energy Star or low consumption types 65% 
E4.7 Modify lighting switches according to daylight contribution to different areas  85% 
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  Most significant ECOs 
Percentage of 
systems 
E4.8 Introduce daylight / occupation sensors to operate lighting switches  95% 
P1.2 Define best location for new electrical and cooling energy meters 45% 
P1.3 Modify controls in order to sequence heating and cooling 70% 
P1.4 
Modify control system in order to adjust internal set point values to external climatic 
conditions 50% 
P1.5 Generate the possibility to adopt variable speed control strategy 70% 
P1.6 Use class 1 electrical motors 80% 
P2.4 Repipe chillers or compressors in series or parallel to optimise circuiting 50% 
P2.5 Improve central chiller / refrigeration control 80% 
P2.6 Replace or upgrade cooling equipment and heat pumps 45% 
P2.8 Apply evaporative cooling  45% 
P2.11 Consider Indirect free cooling using outdoor air-to-water heat exchangers 45% 
P2.13 
Consider cool storage applications (chilled water, water ice, other phase changing 
materials) 65% 
P2.14 Consider using condenser rejection heat for air reheating  50% 
P3.1 Reduce motor size (fan power) when oversized 80% 
P3.2 Relocate motor out of air stream  80% 
P3.3 Use the best EUROVENT class of fans  85% 
P3.4 Use the best class of AHU 40% 
P3.6 Apply variable flow rate fan control 65% 
P3.9 Introduce exhaust air heat recovery  45% 
P3.10 Consider applying demand-controlled ventilation  65% 
P3.11 Generate possibility to increase outdoor air flow rate (direct free cooling) 55% 
P4.1 Use the best class of pumps  80% 
P4.2 Modify pipework to reduce pressure losses 55% 
P4.5 Install variable volume pumping 85% 
O1.1 Generate instructions (“user guide”) targeted to the occupants 75% 
O1.2 Hire or appoint an energy manager 75% 
O1.3 Train building operators in energy – efficient O&M activities 50% 
O1.4 Introduce an energy – efficient objective as a clause in each O&M contract 50% 
O1.5 
Introduce benchmarks, metering and tracking as a clause in each O&M contract, with 
indication of values in graphs and tables 40% 
O1.6 
Update documentation on system / building and O&M procedures to maintain 
continuity and reduce troubleshooting costs 45% 
O1.7 Check if O&M staff are equipped with state – of – the – art diagnostic tools 55% 
O2.1 
Use an energy accounting system to locate savings opportunities and to track and 
measure the success of energy – efficient strategies 55% 
O2.2 Shut off A/C equipments when not needed 90% 
O2.3 Shut off auxiliaries when not required  50% 
O2.4 Maintain proper system control set points 40% 
O2.7 Sequence heating and cooling 55% 
O2.8 Adopt variable speed control strategy 50% 
O3.1 Shut chiller plant off when not required 90% 
O3.3 Operate chillers or compressors in series or parallel 45% 
O3.4 Track and optimize chillers operation schedule 60% 
O3.6 Improve part load operation control 70% 
O3.15 Maintain full charge of refrigerant 70% 
O3.17 Clean condenser tubes periodically  40% 
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  Most significant ECOs 
Percentage of 
systems 
O4.1 Consider modifying the supply air temperature (all–air and air–and–water systems) 70% 
O4.2 Perform night time over ventilation 85% 
O4.3 Shut off coil circulators when not required  55% 
O4.7 Increase outdoor air flow rate (direct free cooling) 50% 
O4.9 Reduce air flow rate to actual needs 40% 
O4.13 Maintain drives 45% 
O4.14 Clean or replace filters regularly 70% 
O4.19 Switch off circulation pumps when not required  65% 
6.6.7 FINAL  SUMMARY 
Within the Case Studies saving potentials have been identified by inspection but also through analysis of long-term 
monitoring data and simulations. Therefore on the one hand it has been easier to quantify these savings and on the 
other hand due to a more comprehensive investigation much more specific energy conservation opportunities could 
be identified.  
 
Within the Field Trials, less data about annual consumption was available, while measurements were not performed 
at all. Without these data, the determination of ECOs was much more difficult and it is impossible to accurately 
estimate the savings of individual ECO.  
 
We inspect both the aging and newer systems that were maintained differently regardless of their age. Some owners 
are more energy conscious and invest more in maintenance, and others less. All systems have in common that they 
should improve the control strategy, since many systems have no central control system. Some systems also work 24 
hours a day, 7 days a week without any valid reason. In many cases we also found out that filters were not changed 
regularly. 
 
At inspection of air conditioning system, cooperation of maintainers is very important. They have the most 
information about the functioning of the system and can point to possible actions for energy savings. Overall, there 
was good cooperation with the maintainers. Only sometimes they were expressing the concerns of the necessity of 
inspection in terms of doubt about inspection outcomes.  
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6.7 OVERVIEW OF  CASE  STUDIES  AND FIELD  TRIALS  IN  UK  
The UK Case Studies and Field Trials were undertaken by two different Partners - Cardiff University undertook the 
Case Studies and MacWhirter undertook the Field Trials. This section is therefore further subdivided into UK Case 
Studies and UK Field Trial findings. 
6.7.1 UK  CASE  STUDIES 
6.7.1.1 OVERVIEW OF ENERGY USE 
In total 9 Case Studies were undertaken in the UK, 3 of which were studying IT Suites to check the overall impact 
this growing area is having on the growth of cooling in buildings generally. 
Of the 9 Case Studies 7 were undertaken in Cardiff University premises due to the diversity of end uses met by the 
AC systems and the different AC system types available. The systems chosen were generally already well metered 
but some additional metering had to be installed for some buildings and systems. 
The 9 systems are shown below along with the annual kWh/m2 recorded for each system and building over the year 
of interest. All are electrical consumptions unless otherwise noted: 
Annual use kWh/m2  Total 
Chillers 
Total 
CHW 
pumps 
Total 
fans 
Total 
humidifiers
Total 
boilers
Total 
HW 
pumps
Total 
Building 
Elec 
Total 
Boilers/ 
Heat 
Total 
Building 
Gas/Heat
CS‐UK1: Offices with VAV, 
Multizone Cool and Reheat 
60.6  10.9  25.8  ‐  ‐  ‐  321  202  202 
CS‐UK2: Offices with VAV, 
Multizone Reheats 
14.6  3.3  18.1  ‐  ‐  5.5  165  123  123 
CS‐UK3: Computing LAN 
room with downdraught DX 
Splits 
2,334.7  ‐  ‐  ‐  ‐  ‐  631  ‐  ‐ 
CS‐UK4: School of Music 
with VAV and Dual Duct 
Systems 
5.0  2.8  27.3  20.6  ‐  ‐  120  223  234 
CS‐UK5: Computing LAN 
Room with DX Splits, 
underfloor chilled air supply
1,312.4  ‐  ‐  ‐  ‐  ‐  754  92  92 
CS‐UK7: Medical Research 
with full VAV 
18.8  15.0  155.4 62.2  ‐  35.7  545  695  695 
CS‐UK8: Computer Cluster 
with water cooled computer 
cabinets 
1,525.3  265.4  ‐  ‐  ‐  ‐  7,690  ‐  ‐ 
CS‐UK9: Library with VAV 
and RAC 
5.6  0.3  29.1  ‐  ‐  13.7  160  130  130 
CS‐UK10: Offices with CV, 
FCU's and Active Beams 
55.5  19.5  31.6  ‐  ‐  ‐  317  204  206 
 It is immediately clear that there is a huge diversity of normalised consumptions amongst the systems, with the 
largest consumers being the AC systems serving IT Suites as might be expected. It is clear that consumption per m2 
floor area is not a sensible metric, as it is the actual density and ratings of the computing equipment that are the main 
driver for the cooling needed. Unfortunately we were unable to obtain the number of gigaflops being used for each 
system as the comparator we would have liked to use. However, a better metric called Power Utilisation 
Effectiveness (PUE) was able to be calculated which gave us useful insights into the potential AC energy savings to 
be made in each AC and IT combined system. PUE is defined as the total energy used by both the cooling systems 
and computing equipment divided by the energy consumed by the computing equipment. The lower the number the 
better and PUE’s of 1.2 to 1.3 are considered good. 
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Balance
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End use of electrical energy
The next figure shows the cooling systems dedicated to Computing facilities as a separate graph from the other Case 
Studies due to the large energy consumptions associated with these systems distorting the average figures, and these 
really being process cooling loads as opposed to comfort cooling loads. 
 
The graph clearly indicates that in terms of cooling energy use to IT energy use that there are significant differences 
in the performance of the AC systems relative to the IT demand.  
The next graph shows the annual energy end use in kWh/m2 for the other 6 UK AC systems. 
 
What can be seen in this graph is that for the lower internal gain buildings the Chiller and CHW pumps normalised 
energy use is quite low, while the fan energy use is typically around 25 – 30 kWh/m2 except for the high airchange 
rate building in which the energy penalty for this rate of airchange can be clearly seen. 
Three of the Case Studies concerned themselves with Office Buildings of between 7 to 11 storeys. Two buildings 
were prestigious International HQ Office Buildings in London and the third was the Administration HQ for Cardiff 
University. It is worth remarking that the two prestigious Office buildings, UK-CS#1 and UK-CS#10, appear very 
close in their normalised annual energy use despite one being brand new and designed to be ‘low energy’ servicing, 
while the other building is quite old with older HVAC systems which have yet to be fully updated, though have 
received some significant investment in attempting to improve the energy efficiency of the existing HVAC systems. 
Both buildings contain full restaurants, major server rooms and all the other facilities associated with such buildings.  
In comparison the ‘standard’ high rise Office block in Cardiff 
consumes only about half the energy use of the other 2 buildings 
and its AC system uses less than 40% of the energy per m2 
consumed by the more prestigious buildings despite it again being 
an old and poorly designed system from an energy efficiency 
viewpoint. The excellent control of this latter system helps it 
achieve its low energy consumption. 
The pie chart opposite finally considers the breakdown of energy 
consumption in the Case Studies by AC system component end use. 
Ignoring humidifiers, AC systems on average consume about 31% 
of the annual building electrical use, with fans consuming the bulk 
of this use at 18%. 
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6.7.1.2 OVERVIEW OF THE ECOS FOUND  
This section discusses the frequency and types of ECOs found in the Case Studies, with savings ranges noted where 
available. 
Table of UK Case Study ECOs - frequency of occurrence and savings ranges. 
ECO 
Frequency of 
occurrence 
Saving in AC Energy Use 
Energy saving 
in kWh/m2/pa 
Energy saving as 
% of building 
electricity use 
P2.6 Replace or upgrade cooling 
equipment 
56% 
4.8  ‐ 30% (normal) 
45 – 66% (IT Suite) 
2.1 – 5.7 
790 (IT) 
0.6 – 1.3 
10.2 (IT) 
O2.2 – Shut off A/C equipment when not 
needed 
44%  9 ‐ 20% of chiller use  3 – 3.8  0.4 – 1.1% 
O3.2 ‐ Sequence operation of multiple 
units 
22%  15‐ 20% of Chiller use  14 – 18.7  5 ‐ 7% 
O4.9 – Reduce airflow rate to actual 
needs 
22% 
around 18% of HVAC or 
37% of fans 
13.3 – 16.9  5 to 5.3% 
O2.1 – Use an energy accounting system 
to locate savings opportunities and to 
track and measure the success of energy 
– efficient strategies 
11% 
More savings known to be 
possible but not 
implemented. 10%+ 
savings expected in 
heating loads 
23.5+  7.4%+ 
O2,3 – Shut off auxiliaries when not 
needed 
11%  2.5 – 9.5% of heating use  4.7 – 17.2  2.5 – 9.5% of gas 
O4.15 Repair/upgrade duct, pipe and 
tank insulation 
11%  N/K  N/K  N/K 
O4.19 Switch off circulation pumps when 
not required 
11% 
12% of CHW pumps 
5% of Chiller use 
0.8 
2.4 
0.2% 
0.5% 
P1.8 ‐ Define a better place for indoor 
conditions measurement 
11%  N/K  N/K  N/K 
P2.10 ‐ Consider indirect free cooling 
using the existing cooling tower 
11%  N/K  N/K  N/K 
P2.13 ‐ Consider cool storage 
applications (chilled water, water ice, 
other changing materials) 
11%  N/K  N/K  N/K 
P3.3 – Use best class of Eurovent fans  11%  N/K  N/K  N/K 
P3.7 ‐ Consider conversion to VAV  11%  N/K  N/K  N/K 
P3.9 ‐ Introduce exhaust air heat 
recovery 
11% 
10% reduction in Carbon 
emissions 
N/K  N/K 
E4.1 – 4.9 – Various internal gains 
reduction techniques 
11% 
Around 35% reduction in 
Carbon emissions 
N/K  N/K 
E4.5 Replace electrical equipment with 
Energy Star or low consumption types 
11%  Not known  N/A  N/A 
E4.8‐Introduce daylight / occupation 
sensors to operate lighting switches 
11%  5%  157  2.0 
From the table we can see that the majority of ECOs found from this work fall into the Plant or Operation and 
Maintenance Categories, with the most frequent ECO being to replace or upgrade cooling equipment. In total it 
appears that average savings of around 4% of the building electrical energy use, or around 16 kWh/m2/pa, or around 
35% of the AC system energy use would be achievable. 
6.7.1.3 GENERAL OBSERVATIONS 
The bare facts however do not tell the whole story. It was clear that for almost all the systems there were many 
opportunities to improve the overall energy efficiency of the AC systems – ranging from expensive equipment or 
system replacement through to no cost control measures. Most of the system owner/operators were happy to discuss 
the systems and talk through the logic for looking to change equipment or operational aspects of the cooling system. 
However, often any possibility of implementing an ECO ended for most owner/operators when it became clear that 
there simply was not an economic case for changing the equipment in a system while it was still working. Even the 
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largest potential savings found amounted to only around £15,000 per annum, while the cost of implementing change 
was many times that amount. The only measures that were likely to be implemented in reality were those that were 
either no-cost and quick to do in terms of manpower and time or had potential Health and Safety implications or 
might jeopardise the function of the building. 
Moves towards Carbon Trading Schemes will re-emphasise the need to reduce Carbon Emissions but again it is 
unlikely that on their own the costs will be large enough to make the economic case for changing equipment. There 
is a further environmental issue about discarding old but functional equipment in favour of slightly higher energy 
efficiency models that also needs addressing. 
In reality therefore the measures which will have most chance of being implemented are those which are easily 
proven to exist in the system being assessed; which are cheap and quick to implement; and which are important to 
the safe functioning of the building. There are the odd actions which can justify investment such as the moving of a 
brand new unneeded chiller to another building which needed a replacement chiller but these are few and far 
between. 
Overall the UK Case Studies have demonstrated significant energy savings exist even in new systems and buildings, 
with some clear ECOs which show the importance of data to establishing problems. They have also revealed to the 
authors’ that achieving significant and long-lasting savings will require more than the Inspection process. 
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6.7.2 UK  FIELD  TRIALS  
These 270 Field Trials of the HARMONAC AC Inspection procedures form the bulk of the Field trials undertaken 
by HARMONAC and are intended to provide a statistically robust sample to provide confidence in the findings from 
undertaking HARMONAC Inspections on mainly DX split AC systems in the UK. 
The purpose of these field trials of the methodology was to establish which aspects of the Inspection led to actual 
energy savings in practice, and to understand how long each aspect of the Inspection was taking so that efficiencies 
might be made in future where possible. 
The trials were undertaken assuming that a successful EPBD (Energy Performance of Buildings Directive) Air 
conditioning Inspection was one that would identify and quantify the majority of potential Energy Conservation 
Opportunities (ECO’s) for a particular system. 
One of the findings from the Field Trials was that across all the FT’s the average installed load was 212 W/m2 floor 
area, whilst the measured delivered cooling capacity after issues such as blocked filters, etc were taken into account 
was 176 kWh/m2. This equates to a 17% reduction in installed capacity. 
The field trials, generally undertaken during a standard maintenance procedure on the system inspected to provide 
greater insight than a normal Inspection would allow, were to:-  
• Include short term monitoring of the energy consumption of the air conditioning components, showing 
changes before and after each facet of the maintenance and inspection which would provide basic 
information for the energy savings achieved from the various measures.  
• Include tasks that might be expected of an energy inspector and the time that they took.  
• Obtain any information required for the Pre-inspection that could not be provided by the client.  
• Evaluate maintenance and inspection tasks which identified Energy Conservation Opportunities. 
Operatives 
The trials were carried out by basic air conditioning service engineers. i.e. 
• Craftsmen and technicians (experienced and improvers) with City & Guilds 207 Parts 1 & 2, or  
• National Vocational Qualification Levels 2 or 3 and Category 1 F-Gas Safe Handling of Refrigerants 
competency.  
These operatives are likely to possess a much greater standard of knowledge about the operation of air 
conditioning systems than the average EU Member State Air-conditioning inspector. 
Pre-inspection 
Pre-inspection information, which was expected to be provided by the client before the inspector went to site, 
included:-  
• List of installed refrigeration plant  
• Method of control of temperature.  
•  Method of control of periods of operation  
•  Reports from earlier AC energy inspections  
•  Records of maintenance operations  
•  Records of sub-metered energy to air conditioning plant  
•  Design cooling load for each system  
•  Description of the occupation of the cooled spaces  
However, in practice, little or no information was provided by the clients when requested. The vast majority had to 
be self obtained on the site visit. Almost all of the clients, for instance, did not know the cooling loads or the capacity 
of their systems. No energy savings or insights were, therefore, found from the pre inspection and so all findings 
were based on the site visits. 
On-Site Inspections 
The site inspections used the HARMONAC procedures to provide the items to be inspected for Packaged Systems. 
These included:- 
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• Review documentation from pre-inspection.  
• Locate the plant and compare with pre-inspection.  
• Locate supply to the air conditioning system  
• Install VA logger(s).  
• Review current inspection and maintenance regime.  
• Compare size with cooling load.  
• Compare records of use or sub-metered energy.  
• Locate outdoor plant.  
• Check for signs of refrigerant leakage. 
• Check plant is capable of providing cooling. 
• Check external heat exchangers.  
• Check location of outdoor unit.  
• Assess zoning in relation to internal gain and orientation.  
• Check day and time on controllers are correct.  
• Note the set on and off periods.  
• Identify zone temperature control sensors.  
• Note set temperatures in relation to the activities and occupancy.  
• Check provision of controls or guidance on use while windows are open.  
• Check type, age and method of capacity control of the equipment. 
• Record the time taken to complete each task. 
• Write report.  
In addition to a normal Inspection, the Field Trials also needed a methodology for checking the efficiency of the 
systems before and after maintenance procedures such as the cleaning of filters and condensers during a Field Trial 
which was to take place within the confines of a Standard maintenance visit ; and for this reason kW/hour meters, 
more suited to long term monitoring, were not considered. 
In the first instance a ClimaCheck Performance Analysing data logger tool was chosen to monitor the refrigeration 
system pressures, temperatures and the compressor input volts and 
amps which would then provide amongst other data-the input 
energy and cooling capacity of the system. 
First Trial 
The first trial was carried out in MacWhirter’s own premises, on a 
29.1kW Variable Refrigerant Flow system with a mixture of 9 
ceiling cassettes and wall mounted fan coils units which had an ad 
hoc maintenance/filter cleaning regime. 
The building heat Gain was determined to be 29.65kW (135w/m2) 
The calculated cooling capacity increased after cleaning the filters 
from 22.32kW to 28.2kW which compares favourably with the 
rated nominal system cooling capacity. 
 The Energy Conservation Opportunity found would obviously be to 
clean the filters more often as the decrease in cooling capacity 
would have resulted in an increase in kWh consumed for the 
compressor due to increased runhours. 
‘Simpler’ Approach 
Whilst the Climacheck analysing tool was, initially, giving good 
results, particularly on the larger units, there was a problem with it 
calculating the system kW cooling output; the compressor discharge 
temperatures being recorded were generally too low, which caused 
the COPs to be calculated too high and therefore cooling outputs 
calculated were far higher than the system actual capabilities. 
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TESTO Velocity, 
Temperature and Relative 
Humidity Meter
 
Checking the air onto ceiling 
cassette 
 
Checking the air off of a hi-wall unit 
 
The instrument, admittedly, calculates other parameters, e.g. liquid line 
enthalpy, which can be compared before and after maintenance tasks to 
show a change in efficiency, but as we were unable to show a 
correlation to the system cooling output and compare it with the power 
input it was deemed unsatisfactory; and later we were to experience 
further problems which meant we couldn’t even obtain the power input.  
So, for these reasons, we decided to change our approach for a more 
robust solution albeit with methods not normally associated with 
service and maintenance engineers. 
For the majority of the trials, we changed our approach to use simpler, 
less expensive, more manageable and less intrusive instruments, which 
were more suited to the smaller system, where, for instance, there may 
not be an access fitting to enable the discharge transducer to be fitted, 
than the ClimaCheck performance analyzing tool; and which would 
enable more of our service engineers to participate in the trials. 
We decided to calculate the Fan Coil Unit cooling output from airside 
calculations using a combination velocity, temperature and R.H. meter, 
the input power to the unit was obtained by using a Volt/Amp clamp 
on data-logger and we compared the results with the name plate data 
and room heat gain, before finally calculating the Energy Efficiency 
Ratios and comparing these to the manufacturer’s data. It also enabled 
us to be aware of the zone conditions and those close to the system 
controller. 
Although our operatives involved in the Field Trials were qualified as 
above mentioned, they were of varying experience, and  needed to have in-house training:-  
• To enable them collect data for accurate heat gain calculations for the, generally, single zone areas being 
served by the system 
• To understand how to calculate absorbed power from input amperages and voltages 
• To carry out the enthalpy measurements of the fan coil unit.  
• To recognize Energy Conservation Opportunities.  
Traditionally, the correct operation and efficiency of small and packaged air conditioning  systems is determined by 
checking the refrigeration system pressures, temperatures, voltages and amperages against manufacturer’s or 
industry best practice values. Service engineers would, therefore, not have any other data to enhance their opinion 
that the optimum cooling output was met. They would not calculate the energy input, cooling output or zone heat 
loads during their normal maintenance and service routines-even if they knew how.  
Airside Instruments 
By measuring at regular intervals over the apertures with the instrument set in an averaging mode, reasonably 
accurate readings of the cooling energy output from the evaporator were obtained and any errors would be accounted 
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Volt/Amp Data-Logger 
for since they would be the same, for our comparative results, before and 
after the maintenance tasks. Allowances were made for the grilles slats in 
order to use only the free area for the calculations, and the several hundred 
trials conducted have proved that the methods are accurate, so much so that 
we are satisfied that these methods can be used in a non comparative 
manner when assessing the cooling output of split and packaged air 
conditioning systems. 
Operatives were provided with lap top PCs with which to down load and 
input data on site directly into Excel spreadsheets, instead of using the hand 
written log sheets that were originally being used by others back at the 
office  to make the efficiency calculations. This change in practice enabled 
the engineers to observe the results on-site immediately and therefore any 
ECOs directly for themselves, as well as being more efficient of everyone’s 
time. 
Engineers were also issued with digital cameras with which to record the 
condition of filters etc and to provide potential material for the teaching package. 
The spreadsheets used onsite were gradually developed throughout the 
project, and are provided as the ‘System Performance Calculator’ tool by 
this Project so that they can now be useful as a Workbook for both 
service/maintenance engineers and energy inspectors. 
Outdoor Unit Instruments 
The outdoor unit instruments are shown on the right. Essentially this is 
simply a Voltage and Amperage probe capable of recording and storing data 
over the period of the Inspection. In the tests 1 minute intervals were used. 
This data was then used to provide the energy input for the System 
Performance Calculator. 
Example 1: Early Inspection Using Simplified approach in a Factory 
Quality Lab 
An early trial using these methods, in a motor parts factory quality 
assurance laboratory showed that our methods were giving accurate results 
– measured cooling capacities of 8.58kW and 10.93kW, before and after 
filter cleaning, were compared to the nominal value of 9.7kW. The 
compressor input power of 3.1kW and 3.06kW, before and after filter 
cleaning, also comparing favourably with the system rated value of 3.8kW.   
Had we not undertaken these airside measurements then, by using a default EER for the compressor of 2.9, the 
expected cooling outputs can be calculated as 8.99kw and 8.87kW which, although close to the nominal value of 
9.7kW would not have shown that, in this instance, that there may be a problem i.e. dirty filters (despite the fact that 
the filters are cleaned twice annually). 
However, through these measurements we were able to show a 
21.5% loss of efficiency, from the enthalpy figures, because of a 
dirty filter causing a 7.5% loss of air flow, and although there was 
no appreciable difference in the compressor input the savings would 
come from the reduced compressor running time. 
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Data 
recorded: 
Indoor Ceiling Cassette Unit  
Name Plate Cooling Capacity 9.7 kW 
Name Plate System input power 3.8 kW 
System Energy Efficiency Ratio 2.55 
 Data from Enthalpy measurement 
Cooling capacity Measurement before filter 
clean 
8.58 kW (78.5% of the capacity measured after 
cleaning filter- a loss of 21.5%) 
Air Volume 7.5% loss in airflow through dirty filter 
Cooling capacity from Enthalpy  
Measurement after filter clean 
10.93 kW 
 
 
 
 
 
 
The compressor input power was calculated as follows, 
Average voltage x average amperage x 1.732 x 0.95pf  
1000 
The system operating at 78.8% because of the dirty filter would mean that the compressor running time ratio would 
be 20.38 hours in 24 hoursxi,  
             16 x 100 
78.5 
an increase, and therefore a potential saving, of 27.4%, 
     [20.38-16] x 100 
16 
3 Phase Outdoor Unit Data from volt/amp meters 
Compressor Run Current/voltage before 
filter cleaning 
13.7 Amp/238 volt 
Calculated Compressor Power Input  3.112 kW  (2) 
Compressor Run Current/voltage after filter 
clean 
13.5 amp/238 volts 
Calculated Compressor Power Input 3.062 kW  (2) 
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Example 2: Field Trial on a System with No Maintenance/Filter Cleaning Regime 
The following data and images relate to a 3.5 kW 
Unit located in a Hospital Maternity Office. 
The difference in cleanliness in the filters before and 
after cleaning is visually very clear. 
What this example again shows is the importance of 
undertaking both the airside and energy input 
measurements. 
 
AC unit on wall 
 
Dirty filter 
 
Clean filter 
A cursory glance at the measured input current data for the system taken 
during the Field Trial (on the right) shows little difference before and after 
cleaning the filters.  
In fact when readings were taken then, for the same air off temperature of 
22.5oC before and after cleaning, and 18.2oC and 18.3oC for the 
condenser, the current inputs were found to be 4.3A (0.97kW) and 4.00A 
(0.90kW) respectively.  
When these absorbed powers are multiplied by an EER of 3.08 (taken 
from the manufacturer’s stated nominal cooling output and input power 
for the system) then using the System Performance Calculator we are 
wrongly led to believe that the cooling output before cleaning the filters is 
2.98kW as it compares reasonably to the 2.77kW recorded afterwards. 
At this stage it should be noted that the system’s capacity would be 
expected to be reduced by 2 – 4 % per 1oC xii; therefore, with a rated 
nominal cooling capacity of 3.5kW at 27oC  return air temperature, then  
at 22.5oC  (4.5oC  lower than 27oC) it would be expected to be between  
2.9 - 3.2kW. 
The problem becomes clear when we look at the indoor unit air side 
measurements as shown in the table on the next page taken from the 
System Performance Calculator. From these we find that, before cleaning the filters, the cooling output was 1.31kW.  
This became 2.72kW afterwards, and the EERs (found by dividing the output by the input) calculated, respectively, 
at 1.35 and 3.02 - the latter comparing favourably with the nameplate EER value of 3.08. 
The estimated input energy calculated at 0.43kW before cleaning the filters is obtained through using the nameplate 
EER of 3.08 and is another indication of potential problems when compared with the actual measured input value of 
0.97kW. The actual EER being obtained before cleaning the filter is 1.35. 
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The predicted input value of 0.88kW obtained after 
cleaning compares favourably with the measured input 
of 0.9kW, and would indicate that this unit is now 
operating satisfactorily. 
What this example shows clearly is how quickly the 
energy efficiency of a system can drop off through 
something as apparently innocuous as a dirty filter. As 
the unit is still providing cooling it is also not obvious 
to the users of the space that there is an issue. 
When we consider that this 51% drop in efficiency has 
occurred in a system that is regularly serviced and 
maintained then it is clear that good maintenance and 
good filter cleaning regimes are crucial elements in 
maintaining good energy efficiency in AC systems. 
System Performance Calculator Results Page 
The results page of the System Performance Calculator 
summarizes the main findings from an Inspection or 
Maintenance procedure, including an estimate of the 
difference in compressor run hours and therefore 
energy usage and CO2 produced. From the table below 
we can see that there was a 53% decrease in air flow 
with the filters dirty, which caused a 51% decrease in 
cooling capacity. 
This page also provides an overall summary of the 
Inspection or Maintenance which shows the calculated 
reduction in CO2 and compressor run hours at the start 
and end of the process. 
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6.7.3 PERCENTAGE  OF  FIELD  TRIALS SHOWING POTENTIAL  SAVINGS  AFTER 180  FIELD  TRIALS 
By the first 180 Field Trials the overall figures were showing some interesting trends as can be seen in the table 
below. The table shows: 
• The potential Energy Conservation Opportunities found, 
• The percentage of the time that an ECO appeared across the trials (Ratio %), 
• The average savings and where they were only found by the maintenance aspect of the inspection i.e. they 
would not normally be identified by Inspection 
• Which ECOs need long term data (NLTD) to quantify and the savings are therefore not part of these short 
term trials, but belong to the Case Studies being carried out by other partners in the Harmonac Project, 
• Which ECOs are yet to be quantified, or are not quantifiable.  
The table also shows whether an ECO can be found by a maintenance task or by just a pre or site inspection. 
Potential ECOs RATIO 
% 
SAVING 
% 
MAINT 
NEEDED 
INSPECTION 
NEEDED 
Dirty Filters 50.5 17 Yes  
Not using time schedules 41.7 NLTD  Pre 
Set point too low (<22oC) [Note1] 45.6 2 to 4% 
per1oC
 Pre 
Short of refrigerant 2.7 36.1 Yes  
Windows open with air conditioning  operating 19.2   Pre 
No manufacturer’s user instructions on site 77.4   Pre 
System oversized (30%>) 3.8 *  Pre 
Consider smaller system 2.45 Not yet 
calculated 
 Pre 
Solar gain reduction (shading, blinds etc)  
to be considered 
8.7 Not yet 
calculated 
 Site 
System operating when not required 44 NTLD  Pre 
No insulation in roof/wall voids 6.5 Not yet 
calculated
 Site 
Free cooling could be considered 35.7   Site 
No maintenance contract 16.5  Yes Pre 
No Filter cleaning regime 6.5 17 Yes Pre 
Controls could be modified  9.3 NLTD  Site 
Control Sensors better placed 6.55   Site 
Units badly positioned/wrong application 9   Site 
Equipment needs replacing  3.8  Yes Site 
Grilles blanked off 1   Site 
Not maintaining correct condensing temperature 19.2 Not yet 
calculated
Yes  
Building envelope leaking 5.4   Site 
Non sequencing of multiple units 47   Pre 
Lack of air flow through wrong fan rotation etc. 3.35 Not yet 
calculated
Yes Site 
Air leakage on ductwork 2.7   Site 
Consider reducing room size area 2.1   Pre / Site 
Return air filter missing 1.6 Up to 50% 
[note2] 
Yes  
Modify vegetation 1.6   Site 
Some other important findings and observations were: 
• Although 83.5% of the trialled systems had maintenance contracts, 50.5% of filters were deemed to be dirty 
by reason of the air flow being increased significantly when cleaned, resulting in an averaging saving of 
17%. 
•  Although a correct refrigerant charge was found to produce a saving of 36%, very few of the systems, less 
than 3%, were found to have a shortage of refrigerant. This included those not correctly charged and those 
that had leakage. 
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• 45.6% of systems were being operated below the reasonable comfort condition of 22oC with the resulting 
unnecessary extended running period and lower EER - if higher set points were acceptable then larger 
savings would be possible (2 to 4% per 1K). [see note 2] 
• When it was deemed visually necessary to clean a condenser by brushing, blowing out, or chemically, etc. 
the input energy was reduced by an average of 3.9% 
 
Main ECOs 
 
% 
Occurrences 
Average 
Savings  
Found 
Dirty Filters 50.5% 17% 
Short of Refrigerant 2.7% 36.1% 
System operating when not required 44% NLTD 
Free cooling could be considered 35.7% NLTD 
No maintenance contract 16.5% NLTD 
No filter cleaning regime 6.5% 17% 
Temperature set too low (<22oC) 45.6% NLTD 
  NLTD = Need Long-Term Data 
The table above provides a subset of this table showing the main findings in terms of energy savings and % of time 
an ECO occurred. It is immediately clear that dirty filters are by far the most important ECO available from the 
package systems field trials to date in terms of frequency of occurrence times average saving found.  
If this were to be repeated across all Inspections then average energy savings of about 8.5% would be achieved from 
this ECO alone. However there were 3 other ECOs which commonly occurred as well for which the Field Trials 
were unable to obtain an energy saving at this point as they required long-term data to evaluate. These are: 
• Temperature setpoint too low – 45.6% of the time 
• System operating when not required – 44% of the time 
• Free cooling could be considered – 35.7% of the time 
6.7.4 FINAL   FIELD   TRIAL  
RESULTS  
The graph alongside provides a visual 
overview of the frequency of 
occurrence of an ECO by ECO 
number across all 270 Field Trials 
eventually completed. 
Not included in the graph is ECO 
O3.12 found in 55 ceiling concealed 
ducted units out of 60 on a recently 
installed water to air heat pump 
system. These were identified after the 
common water loop was re-
commissioned following our findings, 
during the trial, of reduced efficiency 
through incorrect water flows on the 
individual units. This was recorded as 
only one occurrence. 
It is however recorded and noted in the 
main ECOs table below as the savings 
were quite high: 
Main Energy Conservation 
Opportunities by Frequency and 
Main Savings  
The following table shows the main ECOs 
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identified during the Field Trials, and the savings associated with them where possible: 
ECO 
# 
Energy Conservation Opportunity Frequency 
Of 
Occurrence 
(λ) 
Average Energy 
Saving (η) 
Overall 
Energy 
Saving 
(λ x η) 
Maint. 
needed 
Inspection
needed 
P3.10 Consider applying demand-controlled 
ventilation  
57.5% NLTD   Site 
O3.16 Clean finned tube evaporator / 
condenser air side and straighten 
damaged fins 
30.2% 7.65% 
MEASURED 
(condensers only) 
2.3%  Site 
O4.14 Clean or replace filters regularly 57.4% 24.9% 
MEASURED 
14.3% Yes  
O2.4 Maintain proper system control set 
points 
39.2% 8.44% 
CALCULATED 
See note 2 
3.7%  Pre/Site 
O2.2 Shut off A/C equipment when not 
needed 
55.9% 30% 
ESTIMATED 
16.8%  Pre 
O4.9 Reduce air flow rate to actual needs 21.1% 10% 
MEASURED 
2.1%  Pre/Site 
O1.6 Update documentation on system / 
building and O&M procedures to 
maintain continuity and reduce 
troubleshooting costs 
30.5% NLTD   Pre 
O1.3 Train building operators in energy – 
efficient O&M activities 
41.5% NLTD   Pre 
O1.1 Generate instructions (“user guide”) 
targeted to the occupants 
45.5% NLTD   Pre 
O3.15 Maintain full charge of refrigerant 2.9% 29.4% 
MEASURED 
0.9% Yes Site 
O3.7 Maintain proper evaporating and 
condensing temperatures 
(condenser fan control) 
22% 4.43% 
MEASURED 
 
1.0% Yes Site 
O3.12 Maintain proper heat source/sink flow 
rates. 
0.36% 8.86% 0.0% Yes Site 
NLTD = Need Long-Term Data 
Noticeable is the fact that the energy savings due to better time control have now been able to be calculated based on 
findings from the Case Studies to date, as have the savings due to better control of system temperature setpoints. It 
can also be seen that as the Field Trials have started to reach their conclusion that the engineers undertaking them are 
becoming much more adept at finding and quantifying the ECOs that exist. Overall the difference between the 
findings after 180 Field Trials and those after 270 Field Trials provides confidence that the findings presented here 
are robust as they are likely to be slightly conservative – particularly as the majority of the findings relate to systems 
that already have maintenance contracts and are therefore likely to be amongst the ‘better’ systems in terms of 
energy efficiency. 
It is clearly seen that the major savings to be found from the Field Trials are ECO O2.2 – shut off A/C equipment 
when not needed - which would provide an average energy saving across all the systems trialled of around 17%; and 
O4.14 Clean or replace filters regularly – which would provide an average energy saving across all the systems 
trialled of around 14%. 
The Frequency of Occurrence of ECO O2.4 includes 60 zones on the same system, where there was no loss in 
efficiency found after selecting lower individual indoor unit fan speeds –the savings found were in respect of the 
lower fan input power. 
General Observations and Conclusions 
The methods we have described in this section would be useable by both maintenance engineers and inspectors alike, 
with the less intrusive ones perhaps being more of use to the latter.  
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There is a case, in view of the simplicity of the methods and the relatively low cost of the equipment, for them to be 
incorporated into the daily routine of the air conditioning service and maintenance engineer and for lessons in basic 
design and application at all levels of training. 
The results after 270 Field Trials clearly indicate the importance of maintenance, in particular filter cleaning, leak 
tightness and condenser cleaning, as well as the appropriate use of controls for both temperature and hours of use. If 
the results of the UK Field Trials were to be replicated across Europe then it appears that average savings of over 
17% could be made (calculated from frequency of occurrence times the average % energy savings calculated) simply 
from turning off the AC equipment when not needed. 
The further % savings achievable would then be a percentage of this reduced figure, but even then this would amount 
to a potential further 17% saving of the original consumption – so a potential average saving of around 35% seems to 
have been demonstrated without consideration of the as-yet-unquantified ECOs that might also apply – particularly 
demand controlled ventilation. 
The next table shows the average installed capacity and the average actual cooling capacity of each system over all 
270 systems. It can be seen the actual capacity is 12% lower than the nominal cooling capacity. This will be due to a 
number of factors ranging from dirty filters through to loss of refrigerant. 
Summary Sheet for all 270 UK Field Trials 
Parameter Installed electrical load / kW 
Floor area 
served / m2 
Installed and actual 
capacity W/m2 
Total Chillers nominal cooling capacity (cooling output) 5.9 81.4 211.5 
Total Chillers actual cooling capacity (cooling output) 5.2 81.4 175.6 
The Field Trials therefore have shown that: 
• Targeting improved energy efficiency from AC systems is worthwhile even for the smaller systems, where 
average savings of around 35% appear possible 
• The inspection process as currently written will not positively identify many of the ECOs available in the 
systems due to a lack of long-term data to prove they exist to the owner 
• Nearly all owners of small AC systems know little or nothing about their systems and keep poor or non-
existent records 
• The potential savings identified have been found in systems that are mostly already under maintenance 
contracts. The likely energy savings in non-maintained systems are therefore going to be much higher – as 
evidenced by the 55% reduction in energy efficiency from the blocked filter of a system on a 6-monthly 
maintenance contract. 
• Only operating the systems when needed is another key to achieving good overall annual energy efficiency 
– achieving energy savings about 5x greater than correct room temperature setpoints. 
6.7.5 TIME TAKEN  TO  COMPLETE  UK  FIELD  TRIALS  
The following graph shows that the time taken 
to undertake a HARMONAC Inspection Field 
Trial of a Packaged Split system can be 
predicted reasonably well by knowledge of the 
floor area served by the system.  
The equation that describes the time taken to 
inspect an AC system is: 
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The following table shows the average time taken to undertake each element of the Inspection: 
Packaged Systems data  
Inspection Item Short Description Average time 
(mins) 
PP1 List of installed refrigeration plant 17.2 
PP2 Method of control of temperature. 9.0 
PP3 Method of control of periods of operation 6.5 
PP4 Reports from earlier AC inspections and EPC’s 2.6 
PP5 Records of maintenance operations 4.9 
PP6 Records of maintenance (control systems and sensors) 2.0 
PP7 Records of sub-metered air conditioning plant (use or energy) 3.9 
PP8 Design cooling load for each system 8.2 
PP9 Description of the occupation of the cooled spaces 6.9 
P1 Review available documentation from pre-inspection 1.6 
P2 Locate the plant and compare details with pre-inspection data 1.4
P3 Locate supply to the A/C system and install VA logger(s) 49.6 
P4 Review current inspection and maintenance regime 5.0 
P5 Compare size with imposed cooling loads 13.1 
P6 Compare records of use or sub-metered energy with expectations 4.1 
P7 Locate outdoor plant 15.6 
P8 Check for signs of refrigerant leakage. 28.6 
P9 Check plant is capable of providing cooling 11.4 
P10 Check external heat exchangers 8.0 
P11 Check location of outdoor unit 3.1 
P12 Assess zoning in relation to internal gain and orientation 3.9 
P13 Check indicated weekday and time on controllers against actual 5.7 
P14 Note the set on and off periods 2.6 
P15 Identify zone heating and cooling temperature control sensors. 4.4 
P16 Note set temperatures in relation to the activities and occupancy 5.0 
P17 Provision of controls or guidance on use while windows open 1.2 
P18 Type, age and method of capacity control of the equipment 13.4 
P19 Write report 152.3 
 TOTAL AVERAGE TIME TAKEN 391.2 
From this we can see where the majority of the time is spent. The HARMONAC Inspection Methodology links these 
items with the ECOs identifiable by each item as shown in section Time taken for an Inspection Field Trial5.2. This 
allows the end user to investigate the cost:benefit of each Inspection item. This has been used as the basis for the 3 
HARMONAC Methodologies presented earlier in this report. 
It is clear that for smaller systems the writing of the Inspection report takes around 39% of the time, whilst the 
HARMONAC specific inspection item P3 (one we consider should be in a normal inspection) is the other major user 
of time requiring around 13% of the time. In total the average Inspection over 270 Field Trials took around 6.5 hours 
– about 1 day. 
6.7.6 INTEGRATING   INSPECTION  WITH  MAINTENANCE AND F‐GAS LEAK CHECKS 
It has been suggested that an Air-conditioning energy inspection could be combined with maintenance inspections 
and/or an F-gas (Fluorinated Refrigerants) leak check so that more profound and intrusive checks than the Inspection 
compliance checks allow can be undertaken. This would allow an Inspector to obtain a more satisfactory assessment 
of the system efficiency.  
To make judgment on this it should be understood that the F-gas inspection is a leak check undertaken at least once 
per annum, depending on the size of the equipment, which can be carried out by four Category levels of operative, 
not all of which are competent to carry out intrusive checks on the refrigeration system. 
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If the inspection and leak checking was carried out by an operative competent to the highest level (Category 1) of the 
F-Gas and ODS (Ozone Depleting Substances) Regulations the system would be checked using the manufacturer’s 
instructions or Industry Best Practice methods and default parameters with emphasis on the refrigeration system to 
ensure correct efficiency, it would not necessarily mean that the actual cooling output had been checked, only a 
presumption that is was satisfactory. Furthermore, a building with multiple small systems (totaling more than 12kW) 
with less than 3kg of refrigerant in each may have to be inspected to comply with the Energy Performance Buildings 
Directive but would not need to be leak checked under the F-Gas Regulation. F-gas competent operatives would not 
normally have an understanding of even the rudiments of air conditioning design principles and application (they 
may, indeed have no experience in the air conditioning sector) which would make it difficult for them to be expected 
to carry out heat gain calculations so that Energy Conservation Opportunities could be recognized.  
The combination of maintenance, F-Gas checks and Inspection would therefore require unusually well-trained, and 
therefore expensive, operatives for the UK. It is not clear whether this would be similar for the rest of Europe but in 
light of the already small numbers of Air Conditioning experts in the field available and willing to undertake 
inspections this would seem to be a requirement too far at this stage of the life of the Inspection process. 
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6.8 OVERVIEW OF  CASE  STUDIES  AND FIELD  TRIALS  IN  PORTUGAL 
6.8.1 EXECUTIVE SUMMARY 
The INEGI team developed a set of Case-Studies and Field Trials from Portuguese buildings. The overall amount of 
documents produced is 4 Case-Studies and 17 field-Trials. 
Field Trials differ from the Case Studies mainly on the deepness and the necessary time for the analysis of the 
buildings and their HVAC systems. 
In order to assure the total amount of buildings needed, for both Field Trials and Case Studies, INEGI had the 
collaboration of some public entities like Porto and Lousada City Councils. Those entities own a significant number 
of buildings, with a good variety of typologies and several typical architectural constructions from the early 20th 
century. One interesting feature from these old buildings was that none of them were originally built to work with 
HVAC, the air conditioning systems were installed long time before the construction date. 
Case Studies 
All the Portuguese cases are located in the city of Porto, where INEGI is also located, allowing a close monitoring of 
the building’s operation conditions. The four Case-Studies have different usage, having one office building, one 
restaurant and two public spaces, a museum and a library.  
One common feature about the Portuguese Case-Studies is that all have a centralized HVAC system. Thus they are 
more suitable for a detailed and more time-consuming analysis, allowed only in the Case-Study form. There are 3 
cases that use water boilers and air-liquid chillers. The last building has a Lennox rooftop unit that provides both 
heating and cooling when necessary.  
Case Studies also involve energy, temperature and humidity long term monitoring. The energy measurements were 
made not only for the global consumption, but also for specific HVAC elements, like Chillers, AHUs, pumps, etc. 
Two buildings were analyzed for more than one year. Indoor temperature and humidity levels were also measured in 
the buildings indoor zones, according to the Case Studies zones definition. The chosen time-step both for energy and 
temperature measurements was 15min.  
Most of the Case Studies didn’t have a maintenance reports available and even some of them didn’t have any 
programmed maintenance at all. The reason behind this issue is the limited budget for the maintenance contracts, 
which at best allows executing only a small section of the maintenance actions. 
Field Trials 
Field Trials consist in quick inspection actions to buildings and their HVAC systems, with short period 
measurements. INEGI’s Field Trials took place at 4 different northern Portuguese cities, which were Porto, Maia, 
Lousada and Matosinhos. The three most common building typologies were: Service, Educational and Public 
Assembly Spaces. About 70% of the Portuguese Field Trial’s buildings were equipped with centralized HVAC 
systems. 
In order to estimate potential energy savings simple simulation tools, like CAT Tools, were used in some of the 
cases.  
It was given a major emphasis to the maintenance and operation status of the HVAC systems, this is reflected by the 
large amount of Energy Conservations Opportunities (ECOs) detected within the O&M family. Broadly the FTs 
revealed a significant lack of maintenance. It was also noticed that many of the building managers didn’t knew how 
the systems work and don’t even have any information about the system operation and maintenance characteristics. 
For example, this was clearly observed in one building that has a heat pump coupled to fan coils, where occupants 
complain about the HVAC conditioning capacity, when the heat pump wasn’t working for more than 6 months 
without even noticing it, the fan coils were only circulating the indoor air through their dirty filters. When building 
managers don’t have an idea on how the HVAC system works, they don’t know what to require from maintenance 
teams and how to check if maintenance is OK. This situation is aggravated by the fact that is quite usual that no 
maintenance reports are left to the building responsible. 
An immediate lesson learned is that inspections do not need to go much deeper and take too much time. Usually 
there is no need to inspect every single machine. By inspecting a sample of the existing systems it is possible to have 
an approach of how well is the operation and maintenance status of the other equipment. 
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A low number of case-studies have a BEMS. Those who have it though, usually are in partial operation mode or 
inoperative. In one of the buildings the BEMS hardware was out-of-date, and when a sensor or a controller failed, 
there were no replacement parts available. The only possible solution could be switching the system to manual 
operation mode. 
6.8.2 DATA  ANALYSIS  FOR CASE  STUDIES  
Differently from Field-Trials, Case Studies required a more careful analysis. This was reflected in the longer 
monitoring periods of the building and the systems working conditions. 
INEGI carried out 4 Case Studies, with all of them located in Porto city (Table 29). Four different building 
typologies can be found within the Portuguese Case Studies, which are Libraries, Museums, Landscaped Offices and 
Restaurants. Without the Case Study 3, all the buildings were built in the present century, the oldest is from 2001. 
The third Case Study, which is a public museum, was built in the 18th century. Later in the 90’s the building suffered 
a refurbishment and an extension that included the installation of the HVAC system. Concerning the building’s size, 
the restaurant/cafeteria is the only Case Study with less than 1000m2. 
Table 29 – Case studies general information 
CS Localization Year of 
construction 
Main Activity Net area 
served [m2] 
CSINEGI#2 Porto 2001  Library 7440 
CSINEGI#3 Porto 1730  Museum 1366 
CSINEGI#4 Porto 2002  Landscaped office 3535 
CSINEGI#5 Porto 2006 Restaurant 376 
 
All the Portuguese case studies have centralized systems. Those systems usually need more time for inspection and 
auditing and therefore are more adequate to be used as Case Studies. 
In Portugal the most used HVAC configuration for big non-residential buildings is a fuel fired boiler for heating and 
an electric chiller for cooling. It is also very common to use only one chiller, instead of several machines to handle 
with the buildings total cooling load.  
A single exception was made in the restaurant (CSINEGI5), which has a rooftop unit responsible for providing the 
heating/cooling effect and the air handling to the dinning zone. 
Table 30 – Case Studies HVAC system identification 
CS Primary HVAC Terminal Units 
CSINEGI#2 Gas Boiler and Heat Pump 
Two Electric Liquid Chillers  
Air handling Units and Fan coils 
CSINEGI#3 Gas Fired Boiler 
Liquid Chiller 
Air handling units and radiators 
CSINEGI#4 Gas Fired Boiler Air handling units and Fan-coils 
units 
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Liquid Chiller 
CSINEGI#5 One Rooftop unit Air Handling Units(Exhaust) 
 
The installed power of the different HVAC components and Case-Study is presented at table 31Error! Reference 
source not found.. The installed cooling power has a range from 51.8kW to 370kW and the average installed power 
per square meter for the 4 Case Studies is 92.0W/m2. For heating, the installed power range is from 27.1kW to 
300kW and the average installed power per square meter for the 4 Case Studies is 95.7W/m2. 
Table 31 – HVAC components installed power of Case Studies 
Installed Plant 
Installed electrical load [kW] 
CSINEGI2 CSINEGI3 CSINEGI4 CSINEGI5 
Chillers (Nominal Cooling Output) 370 51.8 141.6 58 
Chillers 130.8 18.5 46 - 
CHW pumps 4.6 1.1 14 - 
Fans 20.9 2.4 10.3 8.0 
Humidifiers - 10.8 - - 
Heat Pump/Rooftop 28.8 - - 27.1 
HW pumps 9.3 0.9 4.4 0.94 
Installed capacity [kW]
Fuel Boilers  300 116.3 230 - 
 
Energy consumption 
The energy consumption per square meter for the HVAC components of the Portuguese Case Studies is displayed in 
table 32.  
Table 32 – Annual consumption of the HVAC components 
Installed Plant 
Annual  consumption [kWh/m2] 
CSINEGI2 CSINEGI3 CSINEGI 4 CSINEGI5 
Chillers 14.9 2.1 18.2 - 
CHW pumps 3.6 5.2 1.4 - 
Fans 18.9 18.3 5.9 27.1 
Humidifiers - 20.7 - 0 
Heat Pump (cooling 
&heating) 16.4 - - 61.2 
Fuel Boilers 70.9 54.9 25.0 - 
HW pumps 6.9 2.2 24 2.5 
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Figure 6 – Picture of the chiller unit from CSINEGI4 
 
Figure 7 – Chiller plant power consumption from CSINEGI4 (carpet plot) 
For example with this chart it is possible to detect that during some Summer days the chiller has to be turned on 
during the day time, in order to cope with higher cooling loads. 
Long term monitoring of indoor temperature and humidity conditions were also carried out. The temperature and 
humidity monitoring let the auditors understand if the HVAC systems were able to handle the building loads and 
offer satisfactory indoor thermal conditions.  
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Figure 8 – Temperature carpet plot of measurements took in one of the Case Studies 
With these results it was possible to recommend some improvements, like modifications in the working schedule of 
the machines, tuning of temperature set points and others. Figure 8 presents the temperature continuous 
measurements made in of the Case Studies for more than 5 months. 
 
Main ECOs detected 
More than 46 ECOs were detected, which means that there are more than 10 ECOs per building. The energy savings 
were obtained mostly by thermal simulation. The most frequent simulation tool used to find the savings was 
SimAudit, which is one of the HARMONAC outputs. However there were some savings that were calculated using 
commercial simulation software like TRNSYS and Energy Plus. 
The main ECOs found for each case-Study with the respective energy savings are presented in Table 33.  
Table 33 – Main ECOs detected within the Portuguese Case-Studies 
CS Id. ECOs 
Energy Savings 
[kWh/m2] 
Energy saving as % of 
building energy use 
CSINEGI#2 
E1.1 - Install window film or tinted glass 1.28 1.66% 
E4.6 - Replace lighting equipment with 
low consumption type 6.5 6.96% 
CSINEGI#3 
E4.6 - Replace lighting equipment with 
low consumption types 6.8 8.18% 
P2.6 – Replace or upgrade cooling 
equipment and heat pumps 5.7 5.85% 
CSINEGI#4 O4.9 - Reduce air flow rate to actual needs 2.8 0.74% 
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CSINEGI#5 
O4.8 –Adjust/Balance ventilation system 2.5 1.8% 
O4.14 – Clean or replace filters 2.6 1.98% 
 
The average energy savings obtained per ECO was 2.0kWh/m2. On figure 5 is possible to see the energy savings 
variation achieved for each ECO. There are ECOs with wider variations, some of them resulting not in savings but in 
the increasing of the building energy consumption. However the large majority of the detected ECOs result in 
considerable and consistent energy savings. 
The ECOs with higher variations of energy savings among the studied buildings are usually linked to envelope 
improvements. 
 
 
Figure 9 – Max, Average and Min energy savings found for the main ECOs 
6.8.3 DATA  ANALYSIS  FOR FT’S  
In total, INEGI has produced 17 Field Trials. There is a good variety of building types, with the majority of them 
having a Service typology, but with also a good number of examples from Educational, Public Assembly and Sports 
and Entertainment spaces (figure 10). All the Field Trials can be found in the northern zone of Portugal, mainly 
located in Porto city. The considerable percentage of buildings with public assembly spaces is due to the fact that the 
city councils of Porto and Lousada allowed the INEGI team to run a number of inspections on their HVAC systems. 
In table 34 can be found information about the area, building type and HVAC system for each Portuguese Field 
Trial. 
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Figure 13 – Installed heating power vs. area  
The cooling installed heating power of the HVAC systems differs from 2.25kW to 1058kW. There are some cases 
with no cooling effect available though. Figure 14 presents the distribution of the HVAC system installed cooling 
power by area. 
 
 
Figure 14 – Installed cooling power vs. area 
The assessment on the primary systems maintenance status shows that a very common problem was the lack of 
maintenance reports. It was detected an unsatisfactory thermal insulation status in two buildings that use split units 
for heating and cooling. The average age of the inspected split units was seven years. 
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Figure 17 – Example of a Fan-coil dirty air filter 
In some cases, building owners didn’t know the correct operation of the HVAC system and didn’t know what to 
require from the maintenance technicians.  
Global Energy consumption 
 
The specific electricity and gas (where applicable) consumption for each Field Trials is presented in figure 18. The 
average electrical energy consumption for the presented buildings is 124.3kWh/m2. The maximum energy 
consumption per square meter obtained was got in one building that has a high density of equipment installed and 
turned on for 24 hours a day. 
 
 
Figure 18 – Field Trials energy consumption by area 
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6.8.4 INSPECTION  TIMINGS  
As time is the factor that has the biggest influence on an Inspection cost, a standard inspection procedure was 
created, for both centralized and non-centralized systems. The inspection procedure also included a group of actions 
that inspectors should do before the on-site inspection takes place. They are called Pre-Inspection procedure. The 
average time spent by action for the pre-inspection, packaged systems and centralized systems procedures is 
presented respectively at table 35,  
table 36 and table 37. With this is possible to have a global idea on the total time needed for an inspection. However, 
since some inspection items are essential for the detection of a specific ECO, it is possible to know how much time is 
needed typically to detect that ECO. Together with the average estimated energy savings for each ECO it is possible 
to do a benefit/cost relation between ECOs that usually allow higher energy savings and that are easier to detect, 
reducing the overall inspection costs.  
Table 35 – Average time taken by action during Pre-Inspection 
Inspection Item Short Description Time (mins) 
PI1 Location and number of AC zones 8.4 
PI2 Documentation per zone 21 
PI3 Images of zones/building 18 
PI4 General zone data/zone 18.7 
PI5 Construction details/zone 18.4 
PI6 Building mass/air tightness per zone 6.5 
PI7 Occupancy schedules per zone 7 
PI8 Monthly schedule exceptions per zone 6.2 
PI9 HVAC system description and operating setpoints per zone 24 
PI10 Original design conditions per zone 7.5 
PI11 Current design loads per zone 12 
PI12 Power/energy information per zone 11 
PI13 Source of heating supplying each zone 5.7 
PI14 Heating storage and control for each zone 0 
PI15 Refrigeration equipment for each zone 22.1 
PI16 AHU for each zone 13.4 
PI17 Cooling distribution fluid details per zone 8 
PI18 Cooling terminal units details in each zone 6.2 
PI19 Energy supply to the system 5 
PI20 Energy supply to the building 4 
PI21 Annual energy consumption of the system 13.8 
PI22 Annual energy consumption of the building 12.6 
  TOTAL TIME TAKEN (minutes) 249.5 
 
Table 36 - – Average time taken by action for Packaged systems 
Inspection Item Short Description Time (mins) 
PP1 List of installed refrigeration plant 22 
PP2 Method of control of temperature. 8 
PP3 Method of control of periods of operation 4 
PP4 Reports from earlier AC inspections and EPC’s 0 
PP5 Records of maintenance operations 0 
PP6 Records of maintenance (control systems and sensors) 8 
PP7 Records of sub-metered air conditioning plant (use or energy) 6.7 
PP8 Design cooling load for each system 9 
PP9 Description of the occupation of the cooled spaces 4.5 
P1 Review available documentation from pre-inspection 12 
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P2 Locate the plant and compare details with pre-inspection data 5 
P3 Locate supply to the A/C system and install VA logger(s) 3.5 
P4 Review current inspection and maintenance regime 7 
P5 Compare size with imposed cooling loads 12 
P6 Compare records of use or sub-metered energy with expectations 14 
P7 Locate outdoor plant 3 
P8 Check for signs of refrigerant leakage. 5 
P9 Check plant is capable of providing cooling 7 
P10 Check external heat exchangers 7 
P11 Check location of outdoor unit 4 
P12 Assess zoning in relation to internal gain and orientation 4.2 
P13 Check indicated weekday and time on controllers against actual 12 
P14 Note the set on and off periods 7 
P15 Identify zone heating and cooling temperature control sensors. 9.7 
P16 Note set temperatures in relation to the activities and occupancy 5.8 
P17 Provision of controls or guidance on use while windows open 0 
P18 Type, age and method of capacity control of the equipment 21.6 
P19 Write report 250 
  TOTAL TIME TAKEN (minutes) 452 
 
Table 37 - – Average time taken by action centralized systems 
Inspection Item Short Description Time (mins) 
PC1 Details of installed refrigeration plant 16 
PC2 Description of system control zones, with schematic drawings. 18.8
PC3 Description of method of control of temperature. 14 
PC4 Description of method of control of periods of operation. 11.8
PC5 Floor plans, and schematics of air conditioning systems. 25.3
PC6 Reports from earlier AC inspections and EPC’s 6 
PC7 Records of maintenance operations on refrigeration systems 1 
PC8 Records of maintenance operations on air delivery systems. 1.5 
PC9 Records of maintenance operations on control systems and sensors 3 
PC10 Records of sub-metered AC plant use or energy consumption. 18 
PC11 Commissioning results where relevant 0 
PC12 An estimate of the design cooling load for each system 14 
PC13 Records of issues or complaints concerning indoor comfort conditions 6 
PC14 Use of BMS 15 
PC15 Monitoring to continually observe performance of AC systems 14.1
C1 Locate relevant plant and compare details 60.4
C2 Locate supply the A/C system and install VA logger(s) 21 
C3 Review current inspection and maintenance regime 12.3
C4 Compare system size with imposed cooling loads 18 
C5 Estimate Specific Fan Power of relevant air movement systems 40.5
C6 Compare AC usage with expected hours or energy use 0 
C7 Locate refrigeration plant and check operation 13 
C8 Visual appearance of refrigeration plant and immediate area 4 
C9 Check refrigeration plant is capable of providing cooling 6 
C10 Check type, rating and operation of distribution fans and pumps 12.3
C11 Visually check condition/operation of outdoor heat rejection units 0 
C12 Check for obstructions through heat rejection heat exchangers 0 
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C13 Check for signs of refrigerant leakage 2.7 
C14 Check for the correct rotation of fans 3.9 
C15 Visually check the condition and operation of indoor units 6.3 
C16 Check air inlets and outlets for obstruction 3.6 
C17 Check for obstructions to airflow through the heat exchangers   
C18 Check condition of intake air filters. 7 
C19 Check for signs of refrigerant leakage. 3.6 
C20 Check for the correct rotation of fans 1.9 
C21 Review air delivery and extract routes from spaces 13 
C22 Review any occupant complaints 11 
C23 Assess air supply openings in relation to extract openings. 0 
C24 Assess the controllability of a sample number of terminal units 2.4 
C25 Check filter changing or cleaning frequency. 8 
C26 Assess the current state of cleanliness or blockage of filters. 9.8 
C27 Note the condition of filter differential pressure gauge. 0 
C28 Assess the fit and sealing of filters and housings. 0 
C29 Examine heat exchangers for damage or significant blockage 2 
C30 Examine refrigeration heat exchangers for signs of leakage 5.5 
C31 Note fan type and method of air speed control 4.7 
C32 Check for obstructions to inlet grilles, screens and pre-filters. 3 
C33 Check location of inlets for proximity to sources of heat 2.1 
C34 Assess zoning in relation to internal gain and solar radiation. 3.6 
C35 Note current time on controllers against the actual time 0 
C36 Note the set on and off periods 8.9 
C37 Identify zone heating and cooling temperature control sensors 8.5 
C38 Note zone set temperatures relative to the activities and occupancy 12.1
C39 Check control basis to avoid simultaneous heating and cooling 7.7 
C40 Assess the refrigeration compressor(s) and capacity control 38.4
C41 Assess control of air flow rate through air supply and exhaust ducts 36.3
C42 Assess control of ancillary system components e.g. pumps and fans 10.4
C43 Assess how reheat is achieved, particularly in the morning 0 
C44 Check actual control basis of system 16 
  TOTAL TIME TAKEN (minutes) 584.4 
 
The average time spent for Pre-Inspection was over 4 hours. Comparing the overall time spent for centralized 
systems with packaged systems inspection, it is noticed that usually centralized systems require more time for 
Inspection. This happens because centralized systems usually involve a bigger number of systems and some of them 
with a higher complexity than for packaged units. 
 
6.8.5 PRACTICAL  EXPERIENCES  OF   INSPECTION  
Along the time spent, the INEGI team earned more experience and become more familiar with the inspection 
procedures, resulting in a more efficient work.  
In general, the relationship between building owners/managers and inspectors occurred in a very good manner. 
Building managers were always willing to provide the maximum information available, however in a significant 
number of cases this information didn’t exist.  
It was also detected that in some cases the building manager didn’t know how the HVAC system worked. In one 
recently constructed building that was used as a Field Trial, the heat pump that fed the fan coils was damaged for 
more than a half year and no one noticed that. This problem was more frequently detected in older buildings, and in 
Intelligent Energy – Europe Promotion & Dissemination Projects 
HARMONAC – Harmonising Air Conditioning Inspections in Europe Page 170 of 240  
buildings that belong to public entities, which usually have a central archive where all the information from all the 
building’s entities is stored and not easily accessed. 
The information usually requested by INEGI before the on-site Inspection included: building construction plans, 
architectural specification reports, electrical and HVAC plans, HVAC systems catalog, energy bills (gas & electricity 
for more than a year) and maintenance reports. However the experience showed, that many of this information was 
many times unavailable as explained above. This produced delays in the inspection, since more time was needed to 
measure and to gather the missing information. One typical example, was the HVAC systems technical data, that was 
often unavailable, resulting in more time spent, first at the inspection local, to identify the machine manufacturer and 
model and then at the office, searching for the respective product catalog. 
In general it was given to the inspectors full access to all spaces of the building. In almost all the buildings the 
inspectors were escorted by a building technician, which also was responsible for our actions inside the building. 
This was mandatory, since some of the buildings had a restrictive security control. In buildings with a better 
maintenance contract, it was asked that a technician from the maintenance company to go together with the 
inspector. Since the maintenance technician had a good understanding on how the HVAC system worked and where 
all the machines were placed, inspection was carried out more quickly. 
Generally, inspection was easily taken and a good level of access to the systems was allowed. As was expected larger 
buildings always required more time for inspection, since they usually have more machines to be inspected and 
systems with a higher complexity level (chiller, AHUs, BMS, etc). 
 
6.8.6 FINAL  SUMMARY 
Since the inspected buildings that were used as Case Studies, were relatively recent, there were no big problems with 
lack of information. The long-term monitoring also allowed that the few lacking information could be measured in 
the place. The results from the Case Studies reveal that detected ECOs typically lead to consistent energy savings. 
This happens mainly when the ECOs detected belong to Plant and Operation & Maintenance families. This 
information is important, since it isn’t expected from inspectors to determine the energy savings for each ECO.  
A common detected ECO was the conversion to VAV, as many times systems were manually controlled and there 
was possibility to save some energy by adjusting operation to hourly needs. 
One big conclusion that is extendable through all buildings inspected in Field Trials is that maintenance is inexistent 
in a significant number of buildings. The result is that many times HVAC systems are operating in bad conditions, 
i.e. with lower energy efficiency operation. 
Thanks to the wider range of inspected buildings, Field Trials let the INEGI team have an approach on the average 
status of the existing HVAC systems in Portugal. The lack of satisfactory maintenance was considerable, and there 
were some buildings, usually the smaller ones, with no maintenance at all. For non-centralized systems it was 
commonly detected dirty air-filters, bad insulation status and other issues. Regarding centralized systems, similar 
issues were detected, like the lack of filters change/cleaning, the degradation of thermal insulation, systems being 
operated in manual control. It was also noticed that the degradation condition of systems that don’t have maintenance 
is considerably higher than the others with maintenance. The bad operation condition of the HVAC systems 
sometimes lead to building occupants to complain and there are even some cases, where the occupants cover the 
systems grills themselves to avoid their influence. 
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7 HARMONAC  ON‐LINE  DATABASE 
HARMONAC anticipated that there would be a wealth of information produced by the Field Trials and Case Studies 
and that this would need some form of filter system to avoid information overload for end users of the data. It was 
determined that a searchable Online Database would be the best means of dealing with actors achieving rapid access 
to this data.  
The database contains the 42 Case Studies and nearly 400 Field Trials of the HARMONAC Inspection procedures 
that were undertaken by the project Partners during the course of the HARMONAC project. 
All these studies and trials were undertaken on real operational AC systems in occupied buildings in the partner 
Member States located around Europe.  
All this information is made available to the general public through this database which can be accessed at the 
following link: 
http://paginas.fe.up.pt/~harmonac/ 
The rest of this section presents a short user guide for both advanced and normal users, which gives a general 
overview of the potential and weakness of this database.  
7.1 DATABASE  CONTENTS 
The home page of the online database is shown at figure 21.The database content can be divided in two main 
sections. The first one includes general info about the project, partners, publications, project and others topics.  The 
second section includes the reports made from the Inspection and Audit actions of almost 400 real cases that include 
detailed examples (Case Studies) and others with less deep information, ie real HVAC inspections (Field Trials). 
 
Figure 21 – Online database home page view 
The reports are available to the public to both access and download.  By clicking on the Database button, the user 
will be directed addressed to the database search engine (as shown in figure 22) 
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Figure 22 – Search page of the HARMONAC online database 
There are two main types of reports that can be found in the database section: 
?  Case Study reports 
?  Field Trial reports 
The Field Trials cover the inspection of real building AC systems, supported by short-term monitoring of energy 
consumption of HVAC components where possible. The intent is to determine how effective the HARMONAC 
FULL AC Inspection Methodology is in detecting the possibility of Energy Conservation Opportunities (ECOs). 
Field Trials Inspections also include a non-invasive assessment of the AC systems conservation and maintenance 
status. 
The Case Studies (CS) are different from Field Trials (FT) because there is usually more detail of the long-term 
energy use, and deeper analysis of the systems and buildings. The CS have long-term measurements of AC system 
components energy consumption, internal and external air temperature and relative humidity. The analysis of AC 
systems includes the same items as the Field Trials and keeps the same maintenance and ECOs identification. Case 
Studies also include a deeper analysis of the AC systems which embraces the performance evaluation of building and 
systems dynamic simulation and energy savings determination.  
There are 42 Case Studies and nearly 400 Field Trials on the online database. These studies were obtained from real 
AC systems and buildings within the 8 Partner European Countries.  
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7.2 USE  OF  THE DATABASE 
 
Figure 23 – Building type available options 
On the database page (figure 22) are search options that will help the webpage users to filter their search. There are 
two search modes, a simple one and an advanced one. The available search options, in simple search mode are the 
following: building type, main activity, country, city, case study type and system type. The list of available buildings 
types can be seen in figure 23. 
 
Figure 24 – Example of search results returned when searching for Belgium Case Studies. 
The results that are retrieved when a user searches for Belgium buildings (as an example) are presented in figure 24. 
The results obtained are presented in a list format, in which some general details are given.  
By clicking on the icon next to the description it is possible to download the respective report document. Case 
Studies and Field Trials documents are available in pdf format. Figure 25 provides an example of the type and format 
of information that is contained in the Case Study reports.  
Download 
document 
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The advanced search allows a more focussed search, specifically in the systems field, and is an excellent tool for the 
technical inspector. In this option, the users can search for buildings with specific HVAC systems, or specific 
combinations of HVAC systems.  The final image in this section, figure 26, shows how the HVAC components were 
classified. 
Figure 25 – Page examples with typical data that might be found in each Case Study or Field Trial 
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Figure 26 – Additional options available for advanced search 
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8 ENERGY CONSERVATION  OPPORTUNITIES  FOR  AC  SYSTEMS  
8.1 INTRODUCTION  
In the HARMONAC project, a list of Energy Conservation Opportunities (ECOs) is used to highlight potential 
improvements that could be identified in a building and equipment. Robust information on the energy savings to be 
made from various aspects of the inspection process have been produced and incorporated in tools and educational 
material to support implementation in the Member States. 
This approach with a checklist of opportunities avoids drawing only negative conclusions like: 
• “Something was poorly designed initially” 
• “Something is no longer adequate because the demand changed” 
• “Something does not operate well because of maintenance problems” 
• Etc… 
This approach by ECO indicates a list of profitable improvements: “We can make an improvement pay for itself”.  
8.2 STRUCTURE OF  ECO  LIST  
The list of ECOs is based on a previous project (AUDITAC). ECOs can be of several kinds: behavioural changes, 
operational changes (adjustments), investments in partial replacements or in a complete retrofit. The ECOs are 
selected from a list in which they are grouped into categories and subcategories. These categories are presented in 
table 1. 
Table 1 Categories and subcategories of Auditac list of ECOs 
Code ECO 
E#.# ENVELOPE AND LOADS 
E1.# Solar gain reduction / Daylight control improvement  
E2.# Ventilation / Air movement / Air leakage improvement 
E3.# Envelope insulation  
E4.# Other actions aimed at load reduction  
P#.# PLANT 
P1.# BEMS and controls / Miscellaneous  
P2.# Cooling equipment / Free cooling  
P3.# Air handling / Heat recovery / Air distribution  
P4.# Water handling / Water distribution  
P5.# Terminal units  
P6.# System replacement (in specific limited zones)  
O#.# OPERATION AND MAINTENACE 
O1.# Facility management  
O2.# General HVAC system  
O3.# Cooling equipment  
O4.# Fluid (air and water) handling and distribution  
 
In the “Envelope and Loads” category, ECOs involves reduction actions of building cooling load. These ECOs may 
be either of the operational type, or may involve renovation work on the building envelope. Therefore, the evaluation 
methods may be similar to those normally applied either to category “O&M” or “Plant”.  
The full list of the 34 Envelope ECO’s identified by HARMONAC is provided in the following table. A full 
description of each ECO is to be found in Appendix 3: 
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Code ECO 
E1.# Solar gain reduction / Daylight control improvement 
E1.1 Install window film or tinted glass 
E1.2 Install shutters, blinds, shades, screens or drapes 
E1.3 Optimize control of blinds 
E1.4 Replace internal blinds with external systems 
E1.5 Close off balconies to make sunspace/greenhouse 
E1.6 Modify vegetation to save energy 
E1.7 Maintain windows and doors 
E2.# Ventilation / Air movement / Air leakage improvement 
E2.1 Generate possibility to close/open windows and doors to match climate 
E2.2 Ensure proper ventilation of attic spaces 
E2.3 Optimise air convective paths in shafts and stairwells 
E2.4 Correct excessive envelope air leakage 
E2.5 Roll shutter cases: insulate and seal air leaks 
E2.6 Generate possibility of night time overventilation 
E2.7 Add automatic door closing system between cooled and uncooled space 
E2.8 Replace doors with improved design in order to reduce air leakage 
E3.# Envelope insulation 
E3.1 Upgrade insulation of flat roofs externally 
E3.2 Upgrade attic insulation 
E3.3 Add insulation to exterior walls by filling cavities 
E3.4 Add insulation to exterior wall externally 
E3.5 Add insulation to basement wall externally 
E3.6 Upgrade insulation of ground floor above crawl space 
E3.7 Locate and minimize the effect of thermal bridges 
E3.8 Cover, insulate or convert unnecessary windows and doors 
E3.9 Use double or triple glaze replacement 
E4.# Other actions aimed at load reduction 
E4.1 Reduce effective height of room 
E4.2 Use appropriate colour exterior 
E4.3 Employ evaporative cooling roof spray 
E4.4 Provide means of reducing electrical peak demand through load shedding 
E4.5 Replace electrical equipment with Energy Star or low consumption types 
E4.6 Replace lighting equipment with low consumption types 
E4.7 Modify lighting switches according to daylight contribution to different areas 
E4.8 Introduce daylight / occupation sensors to operate lighting switches 
E4.9 Move equipments (copiers, printers, etc.) to non conditioned zones 
E4.10 Reduce lighting consumption by using adequate illumination level 
“Plant” ECOs involve more or less radical intervention on the HVAC system. Their applicability should therefore be 
carefully assessed both from the technical and economical standpoint. The full list of the 49 Plant ECOs is shown in 
the table below. A full description of each ECO is to be found in Appendix 3: 
Code ECO 
P1.# BEMS and controls / Miscellaneous 
P1.1 Install BEMS system 
P1.2 Define best location for new electrical and cooling energy meters 
P1.3 Modify controls in order to sequence heating and cooling 
P1.4 Modify control system in order to adjust internal set point values to external climatic conditions 
P1.5 Generate the possibility to adopt variable speed control strategy 
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P1.6 Use class 1 electrical motors 
P1.7 Reduce power consumption of auxiliary equipment 
P1.8 Define a better place for indoor conditions measurement 
P2.# Cooling equipment / Free cooling 
P2.1 Minimise adverse external influences (direct sunlight, air flow obstructions, etc.) on cooling tower and air cooled condenser (AHU, packaged, split, VRF systems) 
P2.2 Reduce compressor power or fit a smaller compressor 
P2.3 Split the load among various chillers 
P2.4 Re-pipe chillers or compressors in series or parallel to optimise circuiting 
P2.5 Improve central chiller / refrigeration control 
P2.6 Replace or upgrade cooling equipment and heat pumps 
P2.7 Consider feeding condenser with natural water sources 
P2.8 Apply evaporative cooling 
P2.9 Consider using ground water for cooling 
P2.10 Consider indirect free cooling using the existing cooling tower (free 
P2.11 Consider Indirect free cooling using outdoor air-to-water heat exchangers 
P2.12 Consider the possibility of using waste heat for absorption system 
P2.13 Consider cool storage applications (chilled water, water ice, other changing materials) 
P2.14 Consider using condenser rejection heat for air reheating 
P3.# Air handling / Heat recovery / Air distribution 
P3.1 Reduce motor size (fan power) when oversized 
P3.2 Relocate motor out of air stream 
P3.3 Use the best efficient fans 
P3.4 Use the best class of AHU 
P3.5 Consider applying chemical de-humidification 
P3.6 Apply variable flow rate fan control 
P3.7 Consider conversion to VAV 
P3.8 Exhaust (cool) conditioned air over condensers and through cooling towers 
P3.9 Introduce exhaust air heat recovery 
P3.10 Consider applying demand-controlled ventilation 
P3.11 Generate possibility to increase outdoor air flow rate (direct free cooling) 
P3.12 Replace ducts when leaking 
P3.13 Modify ductwork to reduce pressure losses 
P3.14 Install back-draught or positive closure damper in ventilation exhaust system 
P3.15 Install adiabatic humidification instead of steam humidifier 
P4.# Water handling / Water distribution 
P4.1 Use the best class of pumps 
P4.2 Modify pipework to reduce pressure losses 
P4.3 Convert 3-pipe system to 2-pipe or 4-pipe system 
P4.4 Install separate pumping to match zone requirements 
P4.5 Install variable volume pumping 
P5.# Terminal units 
P5.1 Consider applying chilled ceilings or chilled beams 
P5.2 Consider introducing re-cool coils in zones with high cooling loads 
P5.3 Increase heat exchanger surface areas 
P5.4 Consider displacement ventilation 
P5.5 Install localised HVAC system (in case of local discomfort) 
P6.# System replacement (in specific limited zones) 
P6.1 Consider water loop heat pump systems 
P6.2 Consider VRF (Variable Refrigerant Flow) systems 
Intelligent Energy – Europe Promotion & Dissemination Projects 
HARMONAC – Harmonising Air Conditioning Inspections in Europe Page 179 of 240  
 
The “O&M” ECOs include all actions that may in general be implemented in a building, HVAC system, or facility 
management scheme. The costs involved in such ECOs are generally limited if not negligible: application is 
therefore normally recommended, provided their technical feasibility is assessed. 
The full list of the 58 O&M ECOs is shown in the table below. A full description of each ECO is to be found in 
Appendix 3: 
Code ECO 
O1.# Facility management  
O1.1 Generate instructions (“user guide”) targeted to the occupants 
O1.2 Hire or appoint an energy manager 
O1.3 Train building operators in energy – efficient O&M activities 
O1.4 Introduce an energy – efficient objective as a clause in each O&M contract 
O1.5 Introduce benchmarks, metering and tracking as a clause in each O&M contract, with indication of values in graphs and tables 
O1.6 Update documentation on system / building and O&M procedures to maintain continuity and reduce troubleshooting costs 
O1.7 Check if O&M staff are equipped with state – of – the – art diagnostic tools 
O2.# General HVAC system  
O2.1 Use an energy accounting system to locate savings opportunities and to track and measure the success of energy – efficient strategies 
O2.2 Shut off A/C equipments when not needed 
O2.3 Shut off auxiliaries when not required 
O2.4 Maintain proper system control set points 
O2.5 Adjust internal set point values to external climatic conditions 
O2.6 Implement pre-occupancy cycle 
O2.7 Sequence central heating and cooling 
O2.8 Adopt variable speed control strategy 
O2.9 Electrical balance of equipment  
O3.# Cooling equipment  
O3.1 Shut chiller plant off when not required 
O3.2 Sequence operation of multiple units 
O3.3 Operate chillers or compressors in series or parallel 
O3.4 Track and optimize chillers operation schedule 
O3.5 Maintain proper starting frequency and running time of (reversible) chillers 
O3.6 Improve part load operation control 
O3.7 Maintain proper evaporating and condensing temperatures 
O3.8 Raise chilled water temperature and suction gas pressure 
O3.9 Lower condensing water temperature and pressures 
O3.10 Check sensor functioning and placement for (reversible) chillers 
O3.11 Maintain efficient defrosting (reversible chillers) 
O3.12 Maintain proper heat source/sink flow rates 
O3.13 Maintain functioning of (reversible) chiller expansion device 
O3.14 Check (reversible) chiller stand-by losses 
O3.15 Maintain full charge of refrigerant 
O3.16 Clean finned tube evaporator / condenser air side and straighten damaged fins 
O3.17 Clean condenser tubes periodically 
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O3.18 Repair or upgrade insulation on chiller 
O3.19 Clean and maintain cooling tower circuits and heat exchanger surfaces 
O3.20 Apply indirect free cooling using the existing cooling tower (free chilling) 
O4.# Fluid (air and water) handling and distribution  
O4.1 Consider modifying the supply air temperature (all–air and air–and–water systems) 
O4.2 Perform night time overventilation 
O4.3 Shut off coil circulators when not required 
O4.4 Replace mixing dampers 
O4.5 Adjust fan belts (AHU, packaged systems) 
O4.6 Eliminate air leaks (AHU, packaged systems) 
O4.7 Increase outdoor air flow rate (direct free cooling) 
O4.8 Adjust/balance ventilation system 
O4.9 Reduce air flow rate to actual needs 
O4.10 Check maintenance protocol in order to reduce pressure losses 
O4.11 Reduce air leakage in ducts 
O4.12 Clean fan blades 
O4.13 Maintain drives 
O4.14 Clean or replace filters regularly 
O4.15 Repair/upgrade duct, pipe and tank insulation 
O4.16 Consider the possibility to increase the water outlet – inlet temperature difference and reduce the flow rate for pumping power reduction 
O4.17 Balance hydronic distribution system 
O4.18 Bleed air from hydronic distribution system 
O4.19 Switch off circulation pumps when not required 
O4.20 Maintain proper water level in expansion tank 
O4.21 Repair water leaks 
O4.22 Reduce water flow rates to actual needs 
Some improvements and low cost actions can be undertaken directly after the inspection when they are easy to 
implement and their impacts are easy to assess. An example of this type of easy to implement action is a change in 
the temperature set points. 
In order to implement more complex procedures and quantify the savings from the ECOs, another procedure is 
needed: the audit or detailed audit. At this level, some calculations, measurements and simulations can be performed 
in order to obtain quantitative indicators of the possible savings and to evaluate economical parameters that allow the 
owner to compare different solutions, to advise him for his decision and indicate the investment required.  
8.3 ECO  USER GUIDE  
These steps are represented in the scheme of  with some example of actions and opportunities. The inspector 
examines actions and identified several ECOs practicable to the inspected building. The feasibility is given for each 
ECO. Then, the auditor could examine ECOs that could be studied. 
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Figure 1. Main steps of the audit: from inspection to detailed audit actions and improvements. 
Source: Auditac project 
8.4 ECO  FORMS  
A format is proposed to develop detailed information to ease identification and energy savings of each ECO. Thanks 
to this hierarchy of observations and measurement, definition of applicability for each ECO concerned is provided, 
the things that auditor does before going on site and on site visits and the possible issues are presented. Each ECO 
form has the following structure: 
• A title which is similar to the initial ECO list. 
• A section existing subsystems on which the ECO may apply is used to identify elements/groups of 
elements, which are involved in applying the considered ECO. Indeed, we should have such definitions to 
recognize opportunities on a site visit. Different systems can be defined relatively to one ECO.  
• A section considered actions a short explanation about the ECO studied. 
• A section technical data to request to owner/manager or to find directly (manufacturer data) indicates the 
documents that can be provided by owner/manager or by manufacturer. This section is necessary to have the 
best accuracy for the considered systems. This section should help preparing information before going on a 
site. 
• A section technical observation to be made on site indicates how to realize an observation of the different 
characteristic elements. These characteristics can be visible on nameplate of system parts. The section must 
be done on site to have the maximum of information collected, in the case of manufacturer or engineering 
documents are lacking. 
• A section monitoring of existing situations provides the required measurement to achieve a quantification of 
the ECO. It describes the kind of measurement to be made. 
• A section criterion for ECO applicability presents the options of considered ECO 
In the Harmonac project, we propose to describe in detail each section of ECOs. 
8.5 ECO  DETAILED   INFORMATION  
Firstly, a review of literature was done to describe briefly each ECO. This review shows that there are several 
European standards which can be used to help the quantification of energy savings. For example, Ventilation product 
Directive and Eurovent classification give reference values respectively prescriptive efficiency for new ventilation 
products and labelled efficiency for air-conditioning generators (chiller and direct expansion unit). 
Secondly, audit methods have to be used to complete missing information to describe in detail ECOs. To avoid this 
problem, statistical analysis of experimental energy savings can be done. But, there are over 140 ECOs to be 
analysed and quantified. It is necessary to target more precisely ECOs. 
Checking the 
envelope use and 
structure
Visual inspect the plant
Check for the
presence of O&M
activities and contract
Activating the detailed audit
tasks
Considering a list of energy
conservation opportunities 
(ECOs)
Actions taking place during 
inspection
Reduce internal loads
Improve insulation
Add solar shading
Install BEMS
Change the setpoint
temperatures
Calculate the savings 
from load reduction
through replacement with
EnergyStar facilities
Use better filters
Optimise the filter replacement 
frequency
Feasibility, need for 
details
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Assess the investment
for envelope changes
Calculate the investment
Asses the impact on 
solar loads reduction
Calculate the best 
investment with savings
Easy to implement actions, no need for detailed audit, operational
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Is there enough data in the case studies for a statistical treatment of the frequency of ECO’s as expected in the 
proposal? The ECO’s are well identified in part of the CS, so that a statistical treatment was done using the 
information of 38 CS. The statistical basis provides the following conclusions: 
• ECO’s that cannot be simulated using Simbench tool and Simaudit tool and that have been detected are 
displayed in a priority order representing the frequency of appearance (graph 1) 
• ECO’s that can be simulated using Simbench tool and Simaudit tool and that have been detected are 
presented in a priority order representing frequency (graph 2). 
  
Intelligent Energy – Europe Promotion & Dissemination Projects 
HARMONAC – Harmonising Air Conditioning Inspections in Europe Page 183 of 240  
100%
100%
92%
92%
92%
92%
89%
87%
82%
79%
76%
76%
74%
71%
68%
68%
66%
66%
66%
66%
63%
63%
61%
61%
58%
58%
58%
58%
55%
55%
55%
53%
53%
53%
53%
53%
50%
50%
50%
50%
47%
45%
42%
42%
42%
42%
39%
39%
39%
39%
39%
37%
37%
37%
37%
37%
32%
29%
26%
26%
26%
26%
24%
24%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
O1.7
O2.1
E4.8
P1.2
O1.3
O1.6
O1.5
O1.4
O3.15
O4.13
E3.7
O1.1
O3.17
E2.8
E1.7
P2.1
P2.5
O3.7
O3.16
O4.12
O4.8
O4.22
O4.17
O4.18
P3.8
O3.4
O4.20
O4.21
P6.2
O1.2
O3.6
E2.1
E2.7
P4.4
O3.9
O4.10
P3.4
P3.5
O3.19
O4.11
O3.5
P2.2
E2.3
P3.14
P5.5
O3.3
P2.4
P3.12
P5.2
O3.10
O3.14
E4.3
E4.9
P2.3
P2.7
P5.4
O3.12
E3.2
E2.5
E3.6
P2.12
O3.13
E3.5
P1.1
ECO code Priority of ECOs
without 
Harmonac modelisation tools
Intelligent Energy – Europe Promotion & Dissemination Projects 
HARMONAC – Harmonising Air Conditioning Inspections in Europe Page 184 of 240  
 
Graph 1: Frequency of occurrence of ECO’s that cannot be simulated but that have been detected - Graph 
2: Frequency of occurrence of ECO’s that can be and that have been detected 
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O3.# Cooling equipment 
 
 
O3.7 Maintain proper evaporating and condensing temperatures 
 
Version 2 
 
Status: can be used provisionally; will be revised. 
 
Before this  ECO, you have to check sizing of equipment. Indeed oversizing or 
undersizing could be the cause of improper evaporating/condensing temperatures. 
 
Existing subsystems on which the ECO may apply 
• Chiller and plate/tube coil condenser 
• Direct expansion system plate/tube coil condenser 
• Split/multisplit system 
Considered actions 
In order to maintain proper temperature regime you have to adjust temperature of 
condensation and evaporation by: 
1 Checking and maintaining refrigerant fluid load see ECO O3.15 
2 Checking and maintaining refrigerant/heat carrier/cooling fluid flow rate ECO 
O3.12 
3 Checking and maintaining functioning of chiller expansion valve ECO O3.13 
4 Checking and maintaining set points/controllers/sensors 
Technical data to request to owner/manager or to find directly (manufacturer
data) 
5 Nominal evaporation/condensation temperature 
6 Regular refill of refrigerant 
Technical observations to be made on site 
Possible observations to detect the problem are: 
• Leaks of refrigerant on evaporator/condenser/carter (small pieces, junctions, 
temperature sensor, flow meter)  
• Local freezing on expansion valve 
• Gas bubble at  glass screen 
• Check if there are pumps and/or fans offline 
You have to compare the values with the following reference values 
• Depending on the type of condenser (plate/tube), the reference values for a chiller 
system are the following :  
 
 Water 
 Recycle Recycle Recycle 
 
Air  
Plate Lost water 
Opened tower Closed tower Hybrid  
Evaporative
T1  3-5 / 3-5  -/ 1-5 3-7 / 3-7  3-7 / 3-7  3-7 / 3-7  3-7 / 3-7  3-7 / 3-7  
T2  3-8 / 3-8  - 10-15 / 10-15 5 / 5  5 / 5  5 / 5  - 
T3a  12-15 / 12-15  - - - - - - 
T3b  - -/ 3-5 5 / 5  5 / 5  5 / 5  5 / 5  - 
T6  4-6 / 4-7  -/ 4-7 4-6 / 4-7  4-6 / 4-7  4-6 / 4-7  4-7 / 4-7  4-6 / 4-7  
T7  5 / 4-5  - 5 / 4-5  5 / 4-5  5 / 4-5  5 / 4-5  5 / 4-5  
T8a  - - - - - - - 
T8b  4-6 / 2-5  -/ 2-5 4-6 / 2-5  4-6 / 2-5  4-6 / 2-5  4-6 / 2-5  4-6 / 2-5  
Extracted from [1] 
• Depending on the type of condenser (plate/tube), the reference values for a direct 
expansion system or multisplit system are the following : 
 
 Water 
 Recycle Recycle Recycle 
 
Air  
Lost water 
Opened tower Closed tower Hybrid  
Evaporative
∆T1  3-5 / 3-5  3-7 / 1-5  3-7 / 1-5  3-7 / 1-5  3-7  3-7  
∆T2  3-8 / 3-8  10-15 / 10-15 5 / 5  5 / 5  5 / 5  - 
∆T3a  12-15 /12-15  - - - - - 
∆T3b  - 5 / 2-5  5 / 2-5  5 / 2-5  5 / 2-5  - 
∆T6  4-7 / 4-7  4-7 / 4-7  4-7 / 4-7  4-7 / 4-7  4-7 / 4-7  4-7 / 4-7  
∆T7  2-5 / 2-5  2-5 / 2-5  2-5 / 2-5  2-5 / 2-5  2-5 / 2-5  2-5 / 2-5  
∆T8a  6-10 / 6-10  6-10 / 6-10 6-10 / 6-10  6-10 / 6-10  6-10 / 6-10 6-10 / 6-10 
∆T8b  - - - - - - 
Extracted from [1] 
So for each of the value you determine if the actual temperature difference is lower or 
higher than references. 
Thus, a second sorting of ECOs was done according to monitoring feasibility in the case studies of the project. 
Where experimental energy savings couldn’t be obtained, simulation tools have been used. 
Despite of a large number of measured buildings and AC systems at the end of the project, there were not enough 
quantified ECOs to produce good quality statistical analysis. In this case, ECO forms contained an example of a case 
study for which an ECO was quantified. Even if the energy saving data is not generic, Inspections can use the same 
method to quantify energy savings of a particular building. 
Among ECOs that have been simulated, two main improvements were quantified: envelope and maintenance 
improvements. For these two types of ECOs, energy savings benchmarks are presented. These benchmarks were 
obtained using a typology of buildings. This typology is representative of European building stock. 
Finally, over 50 detailed ECO forms were created. 
8.6 EXAMPLE OF  ECO  FORM  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This is an example of a form where existing 
literature provided practical values to be 
tested by the participants. 
  
 
Monitoring of existing situations 
The following values have to be measured if technically feasible: 
Symbol Description 
pcond  Condensate pressure of refrigerant fluid (bar)  
Pevap  Evaporation pressure of refrigerant fluid (bar)  
Paspi  Inlet pressure of compressor (bar)  
prefoul  Outlet pressure of compressor (bar)  
Tcond  Condensate temperature of refrigerant fluid (°C)  
Tevap  Evaporation temperature of refrigerant fluid (°C)  
Tffse  Temperature of refrigerant fluid at the outlet of evaporator (°C) 
Tffsc  Temperature of refrigerant fluid at the outlet of condenser (°C) 
Tfrec  Temperature of cooling fluid at the inlet of condenser (°C)  
Tfrsc  Temperature of cooling fluid at the outlet of condenser (°C)  
Tfcee  Temperature heat carrier fluid at the inlet of evaporator (°C)  
Tfcse  Temperature heat carrier fluid at the outlet of evaporator (°C)  
t  Effective operating time per hour (min/h)  
n  Number of start per hour (h-1)  
Pfrigo  Cooling production power (W)  
Ppomp  Electrical pump power (W)  
Pvent  Electrical absorbed power by each fan (W)  
 
Criterion for ECO applicability 
According to feasible measurements, you have to calculate some of the following 
values: 
 
bol Equation Description 
1  Tffsc – Tcond  Subcooling of refrigerant fluid on condenser  
2 Tfrsc – Tfrec  Temperature difference of cooling fluid on condenser  
3a Tcond – Tfrec  Temperature difference of condensate and cooling fluid at the inlet of condenser 
3b Tcond – Tfrsc  Temperature difference of condensate and cooling fluid at the outlet of condenser 
6 Tffse – Tevap  Overheating of refrigerant fluid at evaporator  
7 Tfcse – Tfcee  Temperature difference of heat carrier fluid on evaporator  
8a Tfcee – Tevap  Temperature difference of heat carrier fluid at the inlet of evaporator and evaporation  
8b Tfcse – Tevap  Temperature difference of heat carrier fluid at the outlet of evaporator and evaporation  
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9 LINKS  WITH  OTHER  INITIATIVES 
When the HARMONAC project started in September 2007, the implementation of Article 9 of the EPBD, 
prescribing the mandatory inspection of air conditioning (AC) systems of rated power of more then 12 kW, was still 
at a very preliminary stage throughout Europe. A number of reasons – which had been largely pointed out by the IEE 
AUDITAC project in 2005-2006 - rested behind this delay: incomplete technical regulations, lack of practical 
experience among practitioners and industry, absence of clear economic benefits for implementing detailed 
inspections, are just a few examples of the practical obstacles to a widespread diffusion of AC systems inspection.  
The Commission, being aware of the difficulties being encountered in virtually all Member States (MS), decided to 
postpone the reception of Article 9 to January 2009. In the meantime, in November 2008, the Commission adopted 
the proposal for a recast of the EPBD, which was finally published in June 2010xiii. The time setting of the 
HARMONAC project (September 2007 to August 2010) was therefore ideal for achieving an effective impact, at the 
European level, on the decision making process leading to the recast directive’s contents, and, at the MS level, on the 
development of national legislation related to AC inspection and auditing. 
It is therefore not surprising that a significant part of the  partners’ working time was devoted to activities related to 
dissemination of results and to interaction and integration with other initiatives such as research projects, legislation, 
and regulation relating to AC inspection and audit in Europe. This report outlines the approach undertaken and the 
main findings at the end of the project. 
As mentioned before, actions have been taken at two distinct levels, international and national. A number of 
potential stakeholders have been involved, including national / regional legislation bodies, standardization and 
accreditation bodies, public administrations and agencies, cultural / industrial / trade associations, ESCOs, AC 
component manufacturers, AC system installers, engineering firms, and individual consultants.  
A significant effort has been placed in establishing links with other international research projects directly or 
indirectly related to inspection and audit, mainly within the framework of European programmes EIE or 6th FP, and 
of IEA-ECBCSxiv; exchange of information and experiences have been established with most of such projects. 
At the international level, the single most important action has probably been the active participation of 
HARMONAC delegates to the Concerted Action EPBD (CA), the IEE-funded initiative aimed at supporting the 
transposition and implementation of the EPBDxv. The CA consortium is composed of organisations designated by all 
27 EU MS, plus Norway and Croatia. The activities revolve around 6 meetings over a 3-year period (Dec. 2007 – 
Nov. 2010); each meeting is attended by over 100 participants, and external experts are invited to give specialist 
viewpoint. The CA identified five Core Themes (CT)xvi: Certification of Buildings (CT1); Inspection of Boilers and 
AC Systems (CT2); Training of Experts (CT3); Procedures for Characterization of Energy Performance (CT4); 
Information Campaigns (CT5).  
CA meetings have proved to be an effective forum for disseminating the main HARMONAC results among decision 
makers. The outcome of this information transfer is clearly visible in the articles of the recast EPBD relating to 
heating and AC system inspection, as well as in some national legislation, as it will be further explained in the 
following sections of this report.  
Worth mentioning is also the interaction with CEN TC 156, and with the two major international HVAC 
associations, i.e. ASHRAE (American Society of Heating, Refrigerating, and Air-conditioning Engineers) and 
REHVA (Federation of European Heating, Ventilation and Air-conditioning Associations). Workshops on AC 
system inspections have been held at the two latter REHVA World Congressesxvii, and the publication of a REHVA 
Technical Guide on AC inspection is planned for 2011. 
At the national level, each partner has activated several national contacts with legislation bodies, research 
institutions, trade associations, industry and professionals. Some of the contacts with ESCOs and industry have been 
instrumental to the development of Case Studies (CS) and Field Trials (FT) of inspection and audit procedures, 
which are documented in detail in the project databasexviii. In some counties (namely, France, Portugal, Slovenia and 
the UK), HARMONAC partners were directly or indirectly involved in the national legislation making process, and 
were able to transfer some key results of the project in the applicable regulations, as it will be further explained in 
this report. 
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The public impact of HARMONAC is well documented by the growing trend of attendance to the seven workshops 
that were organised between January 2008 and July 2010: while the early workshops were attended by a limited 
number of practitioners and were characterised by a “one-way” dissemination from the project partners to the 
attendees, the latter ones attracted a much wider audience, with high percentage of practitioners and an effective “bi-
directional” exchange of experiences and opinions on what AC inspection in practice means and what benefits may 
bring in terms of actual energy savings. 
9.1 EPBD  RECAST  
In November 2008, the Commission adopted the proposal for a recast of the EPBD, and throughout 2009 the 
proposal has been going through the approval process of the European Parliament and Council. This process has 
offered unique opportunities for making the best use of HARMONAC results: the main objective has been to alert 
the Commission and the MS to the need to amend the text of the recast EPBD to allow for implementation of lessons 
from HARMONAC. The key message is that the early HARMONAC results suggest that cost-effectiveness of the 
whole process would be improved by: 
(a) Putting more emphasis on pre-inspection information to distinguish between systems whose performances are 
more or less likely to benefit from detailed inspection. 
(b) Restricting mandatory inspection to those elements of the process that have been shown to have acceptable costs 
relative to the likelihood and probable scale of savings. 
(c) Accept alternative approaches to detailed inspection, particularly for those AC systems in which a disaggregated 
measurement of electric energy consumption is adopted in order to track the actual performance of the main 
system components. 
For example, if energy consumption records demonstrate adequately low values and evidence of a robust 
maintenance regime that includes adequate inspection elements, additional inspection might not be justified. Concern 
has also been expressed about the extra costs that would be introduced by the recast EPBD in two areas: formal 
reporting and quality assurance, and "best available system/component" comparisons which are unlikely to directly 
produce frequent energy savings. 
A direct contact has therefore been established by the HARMONAC consortium firstly with the Commission, and 
secondly with the EPBD Rapporteur of the European Parliament. The Commission has pointed out that the type of 
"pre-inspection" foreseen by HARMONAC reflects their thoughts when drafting the recast EPBD: 
Guidelines/handbooks on typical systems should be given to inspectors in order to make their on-site visit as 
effective, cheap and short as possible. This can be done e.g. by national energy agencies and be based on outcomes 
of HARMONAC, AUDITAC or similar projects. 
Another free variable for MS is the frequency of inspections: MS should be allowed freedom to fix the inspection 
frequency with regard to expectable energy saving effects, which depend on the size, age and operational hours of 
the system, stimulated by the advice given by the inspector. Furthermore, the energy inspections of heating and AC 
systems should be as much as possible merged with other obligatory maintenance works, which are done for safety 
of health reasons, in order to keep costs and burdens low. 
The main vehicle of dissemination of HARMONAC results among decision makers has probably been the Concerted 
Action EPBD (CA), in which AC system inspection had been identified as one of the Core Themes (CT) of 
discussion. In the first four meetings of the CA, 15 sessions have been devoted to CT2 - Inspections, with a typical 
attendance of 20 to 30 participants representing all or most MS. The following main issues, relevant to the AC 
inspection, were addressed in the CT2 sessions: 
• Experience with inspection in MS: at the time the recast EPBD was approved (May 2009), 10 MS were 
actually implementing the inspection on both AC and heating system, 2 MS on heating only, 1 MS on AC 
only (plus the “Option B – advice / information campaigns” on heating). A gradual convergence has been 
achieved since the first CA started, considering that, in 2005, each country had different and confused ideas 
about how to implement this requirement of the EPBD, 
• Training for inspectors: about 50% of the MS have established training procedures for inspectors as part of 
an accreditation system; however, such procedures are well established for heating only. 
• Combining EPBD requirements with safety and CFC environmental regulations: a common agreement was 
found among MS that, due to the strong points of contact between the environmental and energy efficiency 
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regulations, coordination between the two on-site checks should be strongly recommended. Even when the 
inspection calendars cannot be unified, other elements can be commonly operated, e.g., data collection, 
expert training and accreditation, definition of inspection frequency, supply of information, and 
management of the database. 
• Advice-recommendation and interaction with energy performance certificates (EPC): in this case too, the 
potential exists for combining the in-situ visit that is necessary for producing the EPC and the system 
inspection, leading to detailed and tailored recommendations to the building owner / tenant for system 
efficiency improvements. 
• Discussion and analysis of EN 15240: different interpretations of the standard EN 15240 about AC systems 
inspection methods have been identified. Discussions within the CA concluded that this standard needs to 
be revised, some basic terminology subject to misinterpretation needs to be clarified, and some 
classification of inspections should be introduced to help harmonising the inspection procedures among MS. 
• Methodologies for AC inspections: this is the point in which HARMONAC was mostly involved, and is 
therefore discussed in detail hereunder. 
The project coordinator was invited to participate and give a presentation on HARMONAC at the CA meeting in 
Lyon (May 2008). Following this, he was asked to report on progress at the following meeting in Prague (December 
2008). At the latter, he reported that the early indications were that the AC inspection requirement could be made 
more cost-effective by giving greater priority to the availability and quality of pre-inspection information that can be 
gathered without a site visit. This could be used to eliminate the need for (or require only a limited inspection of) 
systems for which there is robust evidence of acceptable consumption levels and maintenance regimes that include 
sufficient elements of inspection for energy efficiency.  
The CA was sufficiently interested in this approach to set up a working group (WG) to evaluate it. One of the three 
HARMONAC participants who attend CA meetings was then asked to join this WG. The WG reported to the CA at 
the next meeting in Berlin in June 2009. The CA appeared to be expecting guidance on the cost-effectiveness of both 
the inspection process itself (that is, the process for identifying potential energy saving actions) and of the measures 
themselves.  HARMONAC addressed the former, and the assessment of the likely scale of energy savings from each 
measure. It could say very little about the cost (and therefore the cost-effectiveness) of the measures themselves. 
In the meantime, in April 2009, the European Parliament approved a series of amendments to the Commission 
proposal. Under the Swedish Presidency, starting in July 2009, Council has been developing its position on the recast 
proposal. Meetings between the Parliament, Council and Commission started in September 2009 to negotiate an 
agreement. On November 17th, a political agreement was achieved. Major highlights of the Political Agreement 
include: 
• As of 31 December 2020 new buildings in the EU will have to consume 'nearly zero' energy and the energy 
will be 'to a very large extent' from renewable sources.  
• Public authorities that own or occupy a new building should set an example by building, buying or renting 
such 'nearly zero energy building' as of 31 December 2018.  
• The definition of very low energy building was agreed to: "nearly zero energy building means a building 
that has a very high energy performance, determined in accordance with Annex I. The nearly zero or very 
low amount of energy required should to a very significant level be covered by energy from renewable 
source, including renewable energy produced on-site or nearby" 
• There is no specific target be set for the renovation of existing building, but MS shall following the leading 
example of the public sector by developing policies and take measures such as targets in order to stimulate 
the transformation of buildings that are refurbished into very low energy buildings, and inform the 
Commission thereof in their national plans referred to in paragraph 1.  
• The 1000 m2 threshold for major renovation has been deleted and this will take effect when the national 
regulations have been implemented and applied, probably at the beginning of 2014. 
• Minimum requirements for components are introduced for all replacements and renovations, although for 
major renovations, the holistic calculation methodology is the preferred method with performance 
calculations based on component requirements allowed as a complement or alternatively    
• A harmonised calculation methodology to push-up MS minimum energy performance requirements towards 
a cost-optimal level is set out in the Directive in a definition and an annex. MS will have to justify to the 
COM if the gap between current requirements and cost optimal requirements is more than 15 %  
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• A more detailed and rigorous procedure for issuing energy performance certificates will be required in MS. 
• Control systems will be required by MS to check the correctness of performance certification.  
• MS will be required to introduce penalties for non-compliance. MS shall lay down the rules on penalties 
applicable to infringements of the national provisions adopted pursuant to this Directive and shall take all 
measures necessary to ensure that they are implemented. The penalties provided for must be effective, 
proportionate and dissuasive. MS shall communicate those provisions to the Commission. 
In the published text of the recast, the inspection of AC systems is addressed in articles 15 (which replaces article 9 
of the original EPBD), 16 (Reports on inspection), 17 (Independent experts), and 18 (Independent control systems): 
Article 15 
Inspection of air-conditioning systems 
1. Member States shall lay down the necessary measures to establish a regular inspection of the accessible 
parts of air-conditioning systems of an effective rated output of more than 12 kW. The inspection shall include 
an assessment of the air-conditioning efficiency and the sizing compared to the cooling requirements of the 
building. The assessment of the sizing does not have to be repeated as long as no changes were made to this air-
conditioning system or as regards the cooling requirements of the building in the meantime.  
Member States may reduce the frequency of such inspections or lighten them, as appropriate, where an 
electronic monitoring and control system is in place.  
2. The Member States may set different inspection frequencies depending on the type and effective rated output 
of the air-conditioning system, whilst taking into account the costs of the inspection of the air-conditioning 
system and the estimated energy cost savings that may result from the inspection.  
3. In laying down the measures referred to in paragraphs 1 and 2 of this Article, Member States shall, as far 
as is economically and technically feasible, ensure that inspections are carried out in accordance with the 
inspection of heating systems and other technical systems referred to in Article 14 of this Directive and the 
inspection of leakages referred to in Regulation (EC) No 842/2006 of the European Parliament and of the 
Council of 17 May 2006 on certain fluorinated greenhouse gasesxix.  
4. As an alternative to paragraphs 1, 2 and 3 Member States may opt to take measures to ensure the provision 
of advice to users on the replacement of air-conditioning systems or on other modifications to the air-
conditioning system which may include inspections to assess the efficiency and appropriate size of the air-
conditioning system. The overall impact of this approach shall be equivalent to that arising from the provisions 
set out in paragraphs 1, 2 and 3.  
Where Member States apply the measures referred to in the first subparagraph, they shall, by 30 June 2011 at 
the latest, submit to the Commission a report on the equivalence of those measures to the measures referred to 
in paragraphs 1, 2 and 3 of this Article. Member States shall submit these reports to the Commission every three 
years. The reports may be included in the Energy Efficiency Action Plans referred to in Article 14(2) of 
Directive 2006/32/EC.  
5. After receiving the national report from a Member State about the application of the option as described in 
paragraph 4, the Commission may request further specific information regarding the requirements and 
equivalence of the measures set in that paragraph. In this case, the Member State concerned shall present the 
requested information or propose amendments within nine months.  
Article 16 
Reports on the inspection of heating and air-conditioning systems 
1. An inspection report shall be issued after each inspection of a heating or air-conditioning system. The 
inspection report shall contain the result of the inspection performed in accordance with Article 14 or 15 and 
include recommendations for the cost-effective improvement of the energy performance of the inspected system.  
The recommendations may be based on a comparison of the energy performance of the system inspected with 
that of the best available feasible system and a system of similar type for which all relevant components achieve 
the level of energy performance required by the applicable legislation.  
2. The inspection report shall be handed over to the owner or tenant of the building. 
Intelligent Energy – Europe Promotion & Dissemination Projects 
HARMONAC – Harmonising Air Conditioning Inspections in Europe Page 190 of 240  
Article 17 
Independent experts 
Member States shall ensure that the energy performance certification of buildings and the inspection of heating 
systems and air-conditioning systems are carried out in an independent manner by qualified and/or accredited 
experts, whether operating in a self-employed capacity or employed by public bodies or private enterprises.  
Experts shall be accredited taking into account their competence.  
Member States shall make available to the public information on training and accreditations. Member States 
shall ensure that either regularly updated lists of qualified and/or accredited experts or regularly updated lists 
of accredited companies which offer the services of such experts are made available to the public. 
Article 18 
Independent control system 
1. Member States shall ensure that independent control systems for energy performance certificates and 
reports on the inspection of heating and air-conditioning systems are established in accordance with Annex II. 
Member States may establish separate systems for the control of energy performance certificates and for the 
control of reports on the inspection of heating and air-conditioning systems. 
2. The Member States may delegate the responsibilities for implementing the independent control systems.  
Where the Member States decide to do so, they shall ensure that the independent control systems are 
implemented in compliance with Annex II.  
3. Member States shall require the energy performance certificates and the inspection reports referred to in 
paragraph 1 to be made available to the competent authorities or bodies on request.  
A comparison between the 2002 version of the EPBD and the 2010 recast directive highlights several important 
innovations concerning inspection through several new and longer articles:  
• The regular inspection of air conditioning systems of an output greater than 12 kW is limited to their 
“accessible parts” (Art.15). 
• The assessment of the air-conditioning system compared to the cooling requirements of the building does not 
have to be repeated if no changes were made to the system or to the cooling requirements of the building. 
• A new paragraph asks Member States to take into account inspection costs and estimated energy cost savings 
when setting inspection frequencies. Inspection could be less frequent or lightened “where an electronic 
monitoring and control system is in place”. 
• It is also asked to Member States to ensure, as far as economically and technically feasible, that inspections 
are carried out in accordance with the inspection of heating systems and other technical systems and the 
inspection of refrigerant leakages required by the “F-Gas” regulation. 
• Member States may opt, as an alternative to regular inspection of air conditioning systems, “to take measures 
to ensure the provision of advice to users on the replacement of air-conditioning systems or on other 
modifications to the air-conditioning system which may include inspections to assess the efficiency and 
appropriate size of the air-conditioning system”. In such a case, the revised Directive (Art.15) explains what 
happens if the report of equivalence between implemented measures and regular inspection, that has to be 
provided by Member States, is not found convincing enough by the European Commission. 
• One of the new recitals (26) encourages Member States to combine inspections and certifications “in order to 
minimise the administrative burden on building owners and tenants”. 
• A new article (Art.16) describes the contents of the inspection report (inspection results + recommendations 
for the cost-effective improvement of the energy performance) and requires that it is given by the inspector to 
the owner or tenant. 
• Concerning experts for heating systems inspection, Member States are required to make available to the 
public information on training and accreditations, as well as updated lists of qualified and/or accredited 
experts or accredited companies (Art.17). 
• A new requirement asks that Member States set up an independent control system of issued inspection 
reports, based on a random selection and verifications (Art.18). 
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All these requirements have to be transposed by Member States in national regulations before 9 July 2012. 
Requirements about experts (Art.17 and 18) have to be applied before 9 January 2013. Requirements about 
inspection and inspection reports (Art.15 and 16) have to be applied before 9 January 2013 for buildings occupied by 
public authorities and before 9 July 2013 for other buildings.  
9.2 AC  SYSTEM   INSPECTION  AND  THE F‐GAS  REGULATIONS   
Following the Montreal protocol of 1987, the phasing-out of CFCs has led to the introduction of new families of 
refrigerant fluids, among which HFCs have presently the largest diffusion. HFCs do not have an impact on 
stratospheric ozone (ODP = 0), but contribute to global warming (e.g., for R-134a GWP = 1300) and are therefore 
classified as “Greenhouse gases”.  
The EU has committed all MS to reduce greenhouse gas emissions by the year 2010, as foreseen by the Kyoto 
Protocol. A specific set of regulations (generally identified as F-gas regulations) have  therefore been issued, aimed 
at reducing unwanted release of fluorinated gases in the construction, operation, and disposal of equipment in which 
such gases are used. The regulations apply both to stationary and mobile refrigeration plants, as well as to stationary 
fire protection systems. 
Attention is focused on the Regulation (EC) No 842/2006 of the European Parliament and of the Council of 17 May 
2006 on certain fluorinated greenhouse gasesxx. Article 1 gives the following definition of the Scope of the 
Regulation: 
The objective of this Regulation is to contain, prevent and thereby reduce emissions of the fluorinated 
greenhouse gases covered by the Kyoto Protocol. It shall apply to the fluorinated greenhouse gases listed in 
Annex A to that Protocol. Annex I to this Regulation contains a list of the fluorinated greenhouse gases currently 
covered by this Regulation, together with their global warming potentials. (omissis) 
This Regulation addresses the containment, use, recovery and destruction of the fluorinated greenhouse gases 
listed in Annex I; the labelling and disposal of products and equipment containing those gases; the reporting of 
information on those gases; the control of uses referred to in Article 8 and the placing on the market 
prohibitions of the products and equipment referred to in Article 9 and Annex II; and the training and 
certification of personnel and companies involved in activities provided for by this Regulation. 
In summary, the Regulation (EC) 842/2006 addresses the containment, use, recovery and destruction of the 
fluorinated greenhouse gases, through measures such as labelling, disposal, reporting of information, control of 
usage, prohibitions, training and certification of personnel and companies, while the EPBD is focused on the 
reduction of energy consumption and the associated emissions of CO2. The two “regulations” converge when it 
comes to those AC systems that make use of fluorinated greenhouse gases. But whereas 842/2006 prevents leakage 
of the gas, the EPBD encourages efficient use and proper maintenance: 842/2006 has a much more focused scope 
than EPBD article 9 on AC systems and lays down a much stricter regime than that of the EPBD inspections. 
Cross checking of the F-gas regulations and EPBD indicates two important areas of overlap and possible integration: 
• Inspection of equipment for leakage detection. Frequency of inspection is specified in Article 3 
“Containment”, depending on refrigerant charge, equipment construction (hermetically sealed or not), and 
presence of a leak detection system. 
• Training and certification of personnel (Article 5). 
The question therefore arises whether, and to which extent, AC inspections according to EPBD Article 9 should be 
integrated with the more frequent and compulsory F-Gas inspections. 
Clearly, both “regulations” require that AC systems be inspected by technically competent personnel, which brings 
out two fundamental questions: 
• Should the same expert be responsible for both inspections?  
• Could the systems supporting these inspections, such as databases, approval of personnel and information, 
be coordinated?  
Also, in spite of article 10’s call for experts’ independence, it is relevant to discuss whether these inspections could 
be coordinated with ordinary periodic maintenance and controls. 
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In the following, relevant aspects of the two “regulations” are discussed, to identify what could be done to ensure 
proper coordinationxxi.  
Definitions: The EPBD calls for inspection of AC systems with effective output above 12 kW, whereas 842/2006 
requires, for instance, that installations containing more than 3 kg of fluorinated greenhouse gases should be 
checked. The fact that the two regulations have a different focus and define the target systems differently could be an 
obstacle for achieving a uniform system. The recommendation for national implementation is to keep both 
regulations in mind when the national rules are defined.  
Inspection frequency: The checks for containment according to 842/2006, has to be done every year for systems 
containing more than 3 kg of fluorinated greenhouse gases. For the largest systems (> 300 kg) the requirement is 
every 3 months. The EPBD leaves the interval of inspections to the national legislation; most nations will have 
intervals of more than one year. A full coordination may happen when the inspections overlap. If the inspectors are 
the same, the EPBD inspection could be covered as an additional task to the containment checks.  
Minimum requirements for competence and training: minimum requirements should be set so that the training may 
be certified for both types of inspection. This would make it easier for experts to be accredited for both types of 
inspections, and for companies to offer both types of inspections, even if different inspection personnel are involved. 
Another important measure would be to establish similar systems of certification. 842/2006 has a much stricter 
regime for training and certification than the EPBD, where more is left for national considerations. This means that 
at the present stage, the “burden of coordination” is on the national EPBD-legislators. A similar simplification could 
be achieved if training is organized in similar ways, and complement each other. In most nations the training will be 
offered in the market, so Government facilitation can primarily be done through the requirements for competence 
and certification. However, if the Government itself is organising the training, it is even more important to consider 
coordinating the two training systems.  
Tools: Coordination depends to a large extent on all the routines that are established for the two inspection regimes. 
It is important to standardize the reporting format, to avoid collecting the same data twice. A natural first step is to 
develop a list of items that are to be checked regarding both the F-gas and EPBD inspections. This list should include 
technologies and instruments that may be necessary to do the relevant measurements. In some cases legislation could 
prescribe instruments and technologies that have to be preinstalled, or at least the means for doing measurements 
with portable instruments. This list will be a necessary tool in developing manuals, training, etc. Coordination is also 
achieved if it is ensured that the more frequent inspections systematically collect information which is also needed 
for the less frequent inspections. And that these data are made available for the latter. A tentative list of items, 
relevant for energy consumption, that could be part of the F-Gas checks, includes the following points: 
• Timeclock and Thermostat control settings; 
• Filter cleaning intervals and regimes; 
• Regularity of maintenance schedules relative to requirements of each system; 
• Refrigerant charge; 
• Cleanliness of the internal and external heat exchangers; 
• Evidence that there is still a requirement for AC. 
Database: The two inspections will form a good basis for statistical information on the installed stock of relevant 
equipment and its operation. Some collection of data will be needed for the inspections, and could make subsequent 
inspections easier by letting the expert focus on the update rather than full registration. Again, coordination could be 
simple, by simply allowing experts to use the same data formats. More ambitious coordination could mean 
establishing a common database for the two regimes.  
For the system owner, a large improvement would be if he is only required to present the basic data once, and in one 
format. To relate only to one expert instead of two, or to only one public body instead of two, would of course also 
be important. In both regulations the Government has a large task of issuing the information to educate the owners 
on the need for proper routines – and even inspections. To present these requirements as complementary and 
coordinated will no doubt reduce the unnecessary duplication of work that could otherwise arise. Also there are a 
number of different levels of coordination. The first step however, is to make sure that the planning of the 
information activities takes place with both parties knowing what the other is doing.  
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9.3 STATUS  OF  AC  SYSTEM   INSPECTIONS  IN  NATIONAL  LEGISLATION  
As mentioned previously, less then one third of the MS are presently implementing AC inspection in practice. 
Updated information on the status of system inspection in national legislation is not readily available for all EU 
states. A comprehensive document on the status of implementation of the EPBDxxii has been prepared as part of the 
CA activities; the document was lastly updated in May 2008 and may be downloaded from the CA websitexxiii. More 
detailed information about the countries participating in Harmonac may be found in the document “Final report on 
other initiatives, legislation and regulations relating to the Inspection and Audit of AC systems in Europe”. 
A particularly interesting example of effective impact of Harmonac on national legislation is France, where the 
Ministry of Ecology, Energy, Sustainable Development and Sea (General Directorate for Energy and Climate 
Change) has laid down successive measures to establish a regular inspection of boilers and of air conditioning 
systems.  
The inspections of boilers and of AC systems have been legally implemented in France by a Law voted in 2005, and 
modified in 2008, but the decree and “arrêtés” defining the methods of AC systems inspection took more time than 
expected. The legal transposition is the following : 
Le 2° du II de l'article L. 224-1 du code de l'environnement est ainsi rédigé : 
« 2° Prévoir que les chaudières et les systèmes de climatisation dont la puissance excède un seuil fixé par décret font 
l'objet d'inspections régulières, dont ils fixent les conditions de mise en oeuvre. Dans le cadre de ces inspections, des 
conseils d'optimisation de l'installation sont, le cas échéant, dispensés aux propriétaires ou gestionnaires ; » ( LOI 
n° 2005-781 du 13 juillet 2005 de programme fixant les orientations de la politique énergétique) 
A decree draft and two “arrêté” drafts have been under discussion in an ad-hoc group where all stakeholders 
explained their proposals and to which a regular feedback from Harmonac was made. This work took place as a 
follow up of the implementing activity of Article 8, as soon as some Harmonac results became available, from May 
2009 to March 2010. Issues of debate were:  
• What to request in case there is a BEMS?  
• What to request about sizing? (Eventually a French method by Costic was used, but the inspector can accept 
a more detailed calculation when available)  
• What to do with meters readings when installed (in line with French Law dating 1989)?  
• What to do in case of District Cooling?  
• How to benefit from the presence of an operator without loosing inspector’s independence.  
• Is “performance” a chiller COP or a system COP or a specific electricity consumption per square meter?  
• Necessity of sampling rules?  
• How to formulate advice without generating a close list subject to approximate ticking without real 
adaptation to the situation?  
On all the subjects there is now a clear answer in French regulations, which are in advance on EPBD recast 
requirements. 
Thanks to the decree, the Environmental Code is completed by a new part (section 2 of chapter IV, sub-section 2) 
addressing the inspection of AC systems. The decree is accompanied by a technical document (ARRÊTÉ), 
specifying the details of the inspection procedure. It is recognised that this document takes due consideration of 
Harmonac results. An other “arrêté” defines requirements for inspectors. See later. 
The first step of the procedure is an inspection and an analysis of documents called in English «pre-inspection ». The 
French equivalent is «inspection documentaire» defined as follows in the Decree : « une inspection documentaire 
peut être entreprise sans visiter le système de climatisation à contrôler. Une inspection documentaire est le travail 
qui devrait  être achevé avant d’entreprendre une inspection sur site. Il s’agit de la collecte des documents et des 
informations nécessaires à la réalisation de l’inspection périodique. » 
The second step is a field inspection that is described as : « l’inspection comporte l’inspection documentaire, 
l’évaluation du rendement du système de climatisation et de son dimensionnement par rapport aux exigences en 
matière de refroidissement du bâtiment lors de l’inspection sur site, ainsi que la fourniture des recommandations 
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nécessaires portant sur le bon usage du système en place, les améliorations possibles de l’ensemble de l’installation, 
l’intérêt éventuel du remplacement de celui-ci et les autres solutions envisageables. » 
An extended definition of the field of application was chosen. Heat pumps must be inspected if they are reversible, 
and the capacity of equipment to be inspected is defined at equipment level, not room or building level : « sont 
soumis à inspection les systèmes de climatisation et les pompes à chaleur réversibles dont la puissance frigorifique 
nominale utile est supérieure ou égale à 12 kilowatts. En cas de pompe à chaleur sur boucle d’eau réversible, si 
l’une des pompes à chaleurs individuelles a une puissance frigorifique nominale supérieure à 12 kilowatts, 
l’ensemble du système doit être inspecté. » 
Looking forward for the recast….the text contains two levels (Decret and Arreté) and one of them can be changed 
rapidly to adapt to experience feedback and EPBD recast. Use of BEMS is favored as a mean to estimate efficiency 
and sizing, as opposed to visual inspection that remains an option: BEMS is not compulsory but makes inspection 
quicker. Certification of inspectors as persons has been preferred to certification of firms. Details on certification of 
expertise were defined after strong debates in an additional “Arreté”. 
9.4 LIAISON  WITH  CEN  AND  WITH  PROFESSIONAL  /  TRADE ASSOCIATIONS    
Following the publication of EPBD, CEN was given the mandate to produce the technical standards necessary for the 
practical implementation of the directive. For what concerns the inspection of Heating, Ventilation and AC systems, 
the following documents have been publishedxxiv: 
• EN 15239:2007 Ventilation for buildings - Energy performance of buildings - Guidelines for inspection of 
ventilation systems 
• EN 15240:2007 Ventilation for buildings - Energy performance of buildings - Guidelines for inspection of 
air-conditioning systems 
• EN 15378:2007 Heating systems in buildings - Inspection of boilers and heating systems 
The above standards have been used for setting up the inspection procedures in various MS. With specific reference 
to the inspection of AC systems, a number of problems have been identified in the practical application of EN 15240, 
as highlighted by the final report of the CT2 Inspection of the CA. A revision of the standard is therefore strongly 
desirable. The HARMONAC consortium may contribute to this revision, since EN 15240 was actually taken as the 
basis for the inspection protocol that was extensively tested in the project case studies and field trials. 
In order to transfer its experience, the HARMONAC consortium has therefore established contacts with the convenor 
of the working group responsible for the AC inspection standard, and with the chairman of the CEN Technical 
Committee TC 156 to which this working group reports. The following aspects should be addressed in a future 
revision / integration of the EN standard: 
• Clarification of the basic terminology that has been cause of some misinterpretation. 
• Classification of inspection methods according to system characteristics, set-up and management (e.g., 
packaged / centralised systems, monitoring system with / without energy metering capability, AC system 
included / not included in energy service contract, etc.). 
• Potential for integration of EPBD inspection with other types of inspection, such as F-Gas, safety, IAQ, etc. 
Professional / Trade associations, that are present in all European countries, have also be a very effective vehicle of 
dissemination of the HARMONAC results. REHVA (The Federation of European HVAC Associations) has taken an 
interest in the project (and its predecessor AUDITAC) and has organised workshops on AC system inspection in the 
two last REHVA World Congresses: 
• At Clima 2007 (Helsinki, 10-14 June 2007), WS 6 - Inspection methods of air conditioning and ventilation 
systems according to the EPBD was chaired by P. Valle of CIAT and J. Railio of FAMBSI, was attended by 
representatives of the consortium, and provided an outlook of the situation after completion of AUDITAC 
and right before the kick-off of HARMONACxxv. 
• At Clima 2010 (Antalya, 9-12 May 2010), WS 14 - Practical AC System Inspections to fulfil the EPBD’s 
intentions was chaired J. Railio of FAMBSI, I. Knight of the University of Cardiff, and V. Butala of the 
University of Ljubliana, disseminated the key results of HARMONAC to the congress delegates. 
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REHVA is now planning the production of a Technical Guide on air-conditioning inspection, which is scheduled for 
publication in 2011. Such technical guide would be a powerful vehicle for a much more widespread dissemination of 
the HARMONAC approach among practitioners and industry throughout Europe. 
9.5 HARMONAC  AND  OTHER  RESEARCH  PROJECTS  
The HARMONAC consortium has established links with the following ongoing or completed research projects on 
energy efficiency in AC systems that were identified as particularly relevant for HARMONAC . The co-operation 
included exchanges of experience and information concerning energy analysis methodologies; development and 
application of simulation models; instrumentation, data collection, and data analysis protocols; ECO evaluation; and 
development of joint case studies. 
Project Title Website address 
EPA-NR - Energy Performance Assessment for existing Non-
Residential buildings http://www.epa-nr.org/ 
BUILDING ADVENT - Advanced Ventilation http://www.buildingadvent.com/ 
BUILDING EQ - Tools and methods for linking EPDB and continuous 
commissioning http://www.buildingeq-online.net/ 
ASIEPI - Assessment and Improvement of EPBD Impact http://www.asiepi.eu/ 
DATAMINE Collecting DATA from Energy Certification to Monitor 
for New and Existing buildings http://www.meteo.noa.gr/datamine/ 
KEEPCOOL II Transforming the market from cooling to sustainable 
summer comfort http://www.keep-cool.eu/ 
COMMON CENSE http://www.commoncense.info/ 
POLICITY http://www.polycity.net/ 
HEGEL http://www.hegelproject.eu/ 
IEA-ECBCS Annex 47 Cost-effective Commissioning for Existing and 
Low Energy Buildings http://www.iea-annex47.org/ 
IEA-ECBCS Annex 48 Heat Pumping and Reversible Air Conditioning http://www.greth.fr/ecbcs-48/ 
9.6 CONCLUSIONS 
The HARMONAC consortium has placed a significant effort in establishing links with the initiatives relating to the 
Inspection and Audit of AC systems that were ongoing in Europe as the project proceeded. 
The timeframe of the project (September 2007 to August 2010) was particularly favourable for an effective transfer 
of experience and information as the original EPBD was transposed into the national legislations and the recast 
EPBD was taking shape. 
The Concerted Action EPBD was the main forum in which the HARMONAC partners were able to disseminate their 
view on AC inspection and audit among political decision makers, and the results of this action are clearly visible in 
the relevant articles of the recast EPBD.  
Specifically, the possibility to reduce the frequency or lighten the inspection when an electronic energy metering 
system is in place, and the higher flexibility allowed to member states in defining the inspection requirements 
according to system characteristics and cost-effectiveness of the procedure, have been introduced in the recast EPBD 
bearing upon the experience of the HARMONAC case studies and field trials. 
At the national level, at least two countries (France and Slovenia) have already adopted the HARMONAC approach 
in their legislation on AC inspection, and more countries are anticipated to follow as the recast is being implemented 
in the near future. 
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The impact of the project results should however not be limited to legislation. Technical standards on inspection, 
namely EN 15240, are likely to be revised in order to overcome the practical problems that were encountered in their 
practical application, and this should provide a further opportunity for implementing the lessons learned by 
HARMONAC. 
Furthermore, an official REHVA Technical Guide on AC Inspections is scheduled for publication in 2011, which 
will be largely based on HARMONAC results. 
On the research management side, contacts have been established with more then ten different international projects 
promoted by the EC (IEE and 6th Framework Programs) and by IEA-ECBCS. This has allowed the exchanges of 
experience and information concerning energy analysis methodologies; development and application of simulation 
models; instrumentation, data collection, and data analysis protocols; ECO evaluation; and development of joint case 
studies. 
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10 TOOLS  FOR  USE  IN   INSPECTION  
10.1 OVERVIEW 
Adequate tools are an essential resource to efficiently tackle the problem of inspection. Tools usually available in the 
current inspection procedures are mainly based upon measurements (most of the time “spot” measurements) or rely 
on the information provided by the BEMS. The use of simulation tools for inspection is only at a preliminary stage. 
During the AuditAC project (the forerunner to HarmonAC), a first prototype of a tool devoted to support inspection 
was developed. Its development was suggested by the fact that simulation could bring a lot of benefits in order to 
make the inspection process more reliable and more efficient. 
Simulation was deemed to offer the following advantages: 
- Quantitative assessment of Energy Conservation Opportunities 
- Analysis of control strategies 
The development of those tools was continued in the Harmonac project.  
Building energy simulation tools can be very helpful when conducting an energy audit. Building Energy Simulation 
(BES) tools are mainly used in the frame of an audit procedure for selecting and evaluating energy conservation 
measures at detailed audit stage. In Harmonac, it was proposed to extend the use of BES models to other steps of the 
audit process, such as, benchmarking and inspection stages. These steps can be described as follows: 
 
- Benchmarking: This consists of providing a first look at how the inspected building performs compared to 
some reference. Usually, these references are provided by statistical data with some degree of 
normalization. While normalization is commonly used for benchmarking purposes to allow comparison 
between data recorded on the studied installation and reference values obtained from case studies or 
statistics, the use of simulation models allows the user to directly assess the studied installation, without any 
normalization needed. Indeed, applying a simulation-based benchmarking tool allows an individual 
normalization and avoids size and climate normalization. So, rather than looking for very global weather 
indexes, it seems rational to use a simulation model and run it over a few thousands of hours corresponding 
to one typical year. The current capabilities of computers and simulation tools make this approach very 
efficient and allow considering the climate as it is, without any simplification. At the end of the process, an 
idea of how much energy the inspected building should consume is provided. 
  
- Inspection/Audit: Global monthly consumptions are generally insufficient to answer all the questions 
encountered during an inspection or a detailed audit. Even if some very rough results can be expected from 
the analysis of monthly fuel consumption, global electricity consumption records analysis do not allow to 
quantify and distinguish the energy consumption related to AC from that related to other electricity 
consumers. Even if the analysis of the energy bills does not allow identifying with accuracy the different 
energy consumers present in the facility, the consumption records can be used to calibrate building and 
system simulation models.  The models, which have a common basis with the ones developed for 
benchmarking, will allow the user to more deeply analyse the performance of the inspected system. 
 
After having been calibrated to recorded data, the baseline model can be used to analyze the actual performance of 
the building and to identify the main energy consumers (lights, appliances, fans, pumps …). At the end of the audit 
process, selected energy conservation opportunities can be implemented, assessed and compared to each other. 
Following that sequential appraoch, a suite of calculation tools and an audit methodology was developed in the frame 
of the HARMONAC project to help the auditor in establishing his diagnosis despite of the lack of data: 
 
- The first tool (“Bill Analyzer”) is dedicated to a preliminary analysis of the recorded data (comparison 
between actual and reference consumptions, thermal and electrical signatures, degree-days data 
normalization…) 
- The second tool (“SimBench”) is used to perform a code-compliant simulation-based benchmarking of the 
installation. 
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- The third tool (“SimAudit”) is calibrated by means of the information gathered from inspection stage to 
evaluation of selected energy conservation measures (ECMs). 
 
The SimBench and SimAudit tools are based on the same simplified dynamic hourly building energy simulation 
(BES) model and vary only in the inputs used to run the simulation. The sequential use of the tools is, in a typical 
inspection procedure, the following: 
 
When looking for the first time at the building performance, the inspector looks at very preliminary and very global 
information which are typically provided by the energy bills: gas and electricity consumptions are analysed, mostly 
on a monthly basis. Those data are collected for a few years if possible. There from, a statistical analysis can be 
made and some characteristics such as energy signatures can be calculated.  They consist in plotting th monthly 
consumptions versus a climate variable like the ambient temperature. A regression can be calculated  from the data. 
 
The following figures show an example of such signatures: 
 
 
 
 
 
 
 
 
 
 
 
 
Example of Energy signature of a typical office building (gas consumption) 
 
Example of Energy signature of a typical office building (electricity) 
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A number of findings can be obtained from that kind of analysis. In this case, the graphs show a relatively good 
correlation between the gas consumption and the ambient temperature while the dependence of the electricity 
consumption vs the climate is very weak. This is a situation which is quite frequently observed in office buildings. 
At this point, it is necessary to go further as the analysis of these monthly consumptions does not allow the inspector 
to have an accurate view of the performance of the AC system. For instance, breakdown of electricity consumptions 
is not feasible with such a global approach but might strongly benefit from a simulation model able to disaggregate 
the energy consumptions. This is the purpose of the next steps in the sequence. 
10.2 MODELLING WITH SIMBENCH  
SimBench is the first tool to be used in the series. SimBench is used to compute the "theoretical" (or “reference“) 
consumptions of the building, supposed to be equipped with a “typical” HVAC system, including air quality, 
temperature and humidity control. This calculated consumption is consequently not a calculated demand but a 
realistic estimation of the combined performance of the building and the connected system. The building is seen as a 
unique zone, described by very limited number of parameters. This first simulation tool should help the auditor in 
getting, a very first impression about the performances of the system and a very first interpretation of the recorded 
consumptions (Error! Reference source not found.). 
 
 
Use of "SIMBENCH" 
 
The main parameters are entered through the control panels. The other parameters of the model, as HVAC system 
characteristics, nominal performances and capacities are automatically computed through a pre-sizing calculation, or 
defined on the basis of default values, given in European standards (prEN 13053 and 13779). Other information such 
as weather data and occupancy rate are provided in tables. 
 
10.3 MODELLING WITH SIMAUDIT  
Even if the analysis of the energy bills does not allow identifying with accuracy the different energy consumers 
present in the system considered, the consumption records can be used to adjust some of the parameters of the 
simulation models (Error! Reference source not found.). Some basic data, as building envelope characteristics or 
the type of HVAC system, are easy to identify, but parameters related to infiltration and ventilation flow rates, 
operating and occupancy profiles and performances of HVAC components need always to be adjusted (or 
calibrated). To this end, SIMAUDIT offers a larger range of available HVAC equipment and offers to calibrate the 
simulation model by tuning these parameters.  
The building area is now divided in several zones. The system includes different configurations of Air Handling 
Units (CAV or VAV, sensible or total air-to-air heat recovery, adiabatic or steam humidification) and several types 
of Terminal Units (radiators, fan coils, cooling ceiling, etc.). 
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Use of "SIMAUDIT" – Calibration process 
The calibration starts directly at the beginning of the inspection, before realizing any additional measurement. The 
integrated iterative calibration methodology integrates all the measurement and calibration issues in order to result in 
a calibrated baseline model satisfying predefined tolerances and criteria. 
The iterative calibration method is fully integrated into the audit methodology. The first step of the inspection 
consists in preparing and “as-built” input file to run a first simulation of the actual building and its system. This 
simulation run is the first step of the calibration process.  
After that, simulation results should already be compared to the recorded data used to perform calibration (usually 
utility billing data). The next step will consist in identifying the source of discrepancy between the simulation and the 
real situation. If the source of the problem does not appear as evidence, the user should consider a first influencing 
parameter. The main parameters (or parameters categories) will be classified as function of their impact on 
simulation outputs for different building-HVAC configurations. This classification work is based on the results of a 
preliminary sensitivity analysis. 
10.3.1 MODELLING  BUILDINGS AND  SYSTEMS  
SimBench and SimAudit are both based upon the same modelling approach. Both the building and the HVAC 
system are simulated in a dynamical and integrated way, which is not so common, even for design purposes and 
furthermore for assistance to inspection. All details about the modelling issues can be found in the User Guide in 
Appendix 4. A global block-diagram of the tool is given by the next figure: 
 
 
Block-diagram of the SimBench and Simaudit tools 
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Use of the tools can lead to substantial energy savings identification as it is demonstrated by the following example. 
The example concerns the application of the tool to an office building in Belgium. 
10.3.1.1 FIRST STEP: APPLICATION OF SIMBENCH: 
SimBench was first applied to the building with a limited number of data known. As shown on the graph below, with 
the benchmark tool (SimBench) as an example, these simulations unfortunately always led to significant 
underestimation of the heat demand and further, of the gas and electrical consumptions as obtained from actual 
energy bills (thick lines).  
 
Comparison between measured consumptions and calculated with the SimBench program. 
With such huge differences, it became clear that the assumptions made for the input to the simulation programs were 
probably wrong and some of them would have to be checked on site. 
 
Questions which naturally arise to understand these differences may first concern the building conditions: 
- Has the building envelope been correctly defined? 
- Is the geometrical description correct? 
- Are the infiltration / exfiltration rates correct? 
- What are the actual ambient temperatures set points in the offices? 
- What are the actual internal and solar gains in the office? 
- What is the actual building occupancy rate? 
Other questions may target the air conditioning equipment: 
- Is the HVAC system description correct? 
- Are the setpoints correctly tuned? 
10.3.1.2 SECOND STEP: APPLICATION OF SIMAUDIT: 
The next step will be to evaluate the energy consumption with the SIMAUDIT tool and to describe as precisely as 
possible the actual building HVAC equipment. On the other hand, some values measured and monitored in the 
building with the BEMS and acquisition systems will be used as input parameters: 
- Operating profile (5% ? 25% during inoccupation period)  
- Occupancy rate 
Energy consumption
0
10 000
20 000
30 000
40 000
50 000
60 000
70 000
80 000
90 000
100 000
1 2 3 4 5 6 7 8 9 10 11 12
[month]
[kWh] electriciy - bill [kWh] 647 515
gas - bill [kWh] 336 171
electriciy - BM [kWh] 288 612
gas - BM [kWh] 181 213
Intelligent Energy – Europe Promotion & Dissemination Projects 
HARMONAC – Harmonising Air Conditioning Inspections in Europe Page 202 of 240  
- Internal gains 
- Ventilation flow rate 
- Comfort set points (From 21 to 23°C) 
- Fan efficiency (60%) 
- Supply air temperature, etc 
The target of this simulation will be to calibrate the SIMAUDIT model to the building at a basic level. This will 
allow us to use it to evaluate the impact of the different energy conservation opportunities (ECO’s) that have already 
been identified. 
The second comparison between real and calculated consumption values gave more encouraging results (see graph 
below). 
 
Comparison between measured consumptions and calculated with the SimBench program. 
While the annual gas consumptions (green lines) are more or less equal within 4.4%, there is still more than 15 % 
under-estimation for the annual electrical consumption (red lines). 
[kWh/year] Bills SimBench SimAudit 
gas 336 171 181 213 -46.1% 321 459 -4.4% 
electricity 647 515 288 612 -55.4% 540 664 -16.5% 
It must be noted that there are large uncertainties concerning the monthly consumptions issued from the energy bills 
as it is not clear at all whether these values correspond exactly to a full month: from the 1st day of the month at 0:00 
until the last day of the month at 23:59. Yet, beside the enormous peak of electrical consumption recorded in July, 
the general appearances of the curves are getting closer. 
It is also interesting to compare the meteorological data taken for the SIMAUDIT simulation with the actual values 
that prevailed in Belgium in 2006 – see graph below with the average monthly values. This graph provides an 
explanation about the peak electricity consumption in July. 
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Obviously, we are now getting some information to explain the first major discrepancy described above. 
On top of this, it must be noted that there are several room air conditioners (RAC) in the offices. Later in the 
inspection process, an additional energy counter was installed to account for these devices electrical consumption. 
10.3.1.3 THIRD STEP: EVALUATION OF ECOS WITH SIMAUDIT: 
The potential energy savings that were identified (see first finding examples above) can be evaluated one by one with 
SimAudit. The target is to propose to the owner of the building to apply the most cost effective and less risky 
changes, one by one. 
Once the model is calibrated, it is relatively straightforward to apply it systematically to the different configurations 
and get a fair evaluation of the impact on energy consumption.  
SimAudit is able to simulate up to 5 zones as well as 5 HVAC systems. The VAV model implementation and the 
adaptation of the climatic data is also included in the tool. The first simulations with this new tool have been done in 
the context of the HarmonAC project. Some ECO’s were simulated and some results are presented below. 
Two examples are provided below: 
1. The actual electricity consumption due to appliances and lighting during nights and week-ends is 28% of 
the value during normal operations (measured values). In the simulation, this ratio was decreased to 5% for 
appliances and 10% for lighting.  
 
E 4.8.  Introduce daylight / occupation sensors to operate lighting switches  
O 1.1.  Generate instructions (“user guide”) targeted to the occupants  
 
 Total electricity consumption saving  Primary energy saving  
kWh/year  84 571  279 930  
kWh/m².year  28,44  94,13  
% 24,88  24,88  
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2. The chiller is simply replaced by a better one. The effect on the electricity consumption is not very 
important in this case. With more choice in the chiller database, the results may become more tangible.  
 
P 2.6.  Replace or upgrade cooling equipment and heat pumps  
 
 Total electricity consumption saving  Primary energy saving  
kWh/year  3 355  11 105  
kWh/m².year  1,13  3,74  
% 0,99  0,99  
10.3.2 IMPLEMENTATION  OF  THE  LIEGE  TOOLS  
The presented model has been developed on an 
Engineering equation solver (Klein, 2008). This 
implementation ensures also a full transparency for 
the user and makes easier the continuous 
improvement and development of the tools. Indeed, 
the model’s equations are directly readable and easy 
to modify by any user (Error! Reference source 
not found.). It is also very easy to develop 
additional HVAC components models and to 
connect them to the existing ones.  
For numerical reasons (computation time and 
robustness), the final version of the model has been 
implemented in Matlab (2009). The MATLAB GUI 
tool was used to develop the interface of the 
simulation tool. 
 
 
 
 
 
 
 
 
 
Formatted equations as appearing in the software 
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10.3.3 INPUTS  AND OUTPUTS 
The outputs, inputs and parameters are selected according to the specific needs of the user (i.e. the auditor/inspector). 
As in TRNSYS for instance (Klein et al., 2010a), the parameters are here defined as selected inputs which are not 
supposed to vary during the simulation. Six categories of inputs/outputs/parameters can be identified: 
1. Climate, 
2. Building envelope, 
3. Building services and energy systems,  
4. Building operation and maintenance,  
5. Occupants’ activities and behavior, 
6. Indoor environmental quality provided. 
The main outputs of the tool presented here are: 
- Hygro-thermal comfort achievements: temperature, humidity, predicted percentage of dissatisfied (PPD), 
and predicted mean vote (PMV) 
- Global power and energy consumptions : Fuel and Electricity consumptions 
- HVAC components specific loads and consumptions 
- Performances of the mechanical equipments: COP, efficiencies... 
The main inputs are: 
- Weather data : hourly values of temperature, humidity, global and diffuse radiations; 
- Occupancy, lighting and appliances loads and schedules 
- Comfort requirements and schedules: air renewal, temperature and humidity set points 
The main parameters are: 
- Dimensions, orientation and general characteristics of the building envelope (e.g. “heavy”, “medium” or 
“light” thermal mass and walls U values) 
- Type of HVAC systems and components present in the installation: multi-zone or single-zone system, CAV 
or VAV air handling unit(s), fan coil units, induction units, radiant cooling/heating systems, air or water 
cooled chillers, direct or indirect contact cooling towers.. 
- Nominal performance of HVAC components: specific fan and pump powers, nominal efficiencies and 
effectiveness’ 
- Sizing factors of the main HVAC components 
Default and rule of thumb values are provided for most of the parameters asked to the user. The other parameters of 
the model, as HVAC system nominal characteristics and capacities are automatically computed through a pre-sizing 
calculation.  
The interface is based on a series of control panels where building and system data can be progressively entered. 
These tools were applied throughout the HARMONAC project to several case studies and field trials. This allowed 
the continuous improvement of the tools. The interface and the user manual were developed in parallel with the 
tools. 
 
  
Intelligent Energy – Europe Promotion & Dissemination Projects 
HARMONAC – Harmonising Air Conditioning Inspections in Europe Page 206 of 240  
10.4 CAT TOOL  VERSION  2  
This section describes the second version of the Customer Advising Tool (CAT2), a piece of software designed to 
help assess the potential for reducing the cooling demand of Office buildings, as an aid to the Inspector in writing the 
recommendations section of his Inspection report.  
It is a practical tool aimed at use by building owners, AC system inspectors and auditors. The tool was originally 
developed by the authors as part of the IEE AUDITAC project and the original version (CAT) is still in use while 
this version is completed. 
The full description of how the CAT tool is designed to work is discussed under the original version later in this 
section. The updated version of the original tool has three new features which make it much more powerful: 
1. The results from the CAT tool now include an overview section that provides an immediate visual 
indication of which areas of the design and operation could help reduce cooling demand the most. 
2. The results include savings due to dynamic as well as static operation of parameters i.e. the dynamic savings 
assume this aspect is controlled over the year to provide the optimum performance, as opposed to static 
savings assuming one constant value for a parameter over the whole year. 
3. All combinations of parameters have been modelled as opposed to the original CAT version where average 
values were assumed for each parameter and the effect of varying just one parameter from that average was 
assessed. This restricted the ability of the software to assess combinations of measures with any certainty. 
An example of the type of output that might be produced from the new tool is shown in the image below. This is a 
mockup still and might yet change before the final release of the tool: 
 
The reason for this tool not yet being available is that there are over 20 million modelling runs to be undertaken and 
combined. This has required extensive work to enable the modelling runs to be undertaken and unfortunately they 
are still ongoing at the time of this report as they have to be programmed in around other users on Cardiff 
University’s High Performance Computing Cluster - Merlin.  
The CAT2 tool will be available at the same link as the original CAT version once all the results have been 
integrated. The intention is for the CAT2 tool to operate in the same manner as the original CAT tool, i.e. to be able 
to be used online or to be downloaded and installed on a laptop or similar to run in a stand-alone mode. This will 
however be dependent on the size of the database eventually produced as it is expected to be quite large (in the order 
of 100’s of MB). The tool itself should still be able to provide results back to the user within a few seconds of the 
parameters being entered. 
10.4.1 CAT  TOOL  –  ORIGINAL VERSION  
The original tool is based on a mixture of monitored and modelled data, and this paper presents the tool’s 
development, concluding with how the inputs and outputs are simplified down to those required to provide a focus to 
the on-site inspection. 
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It is anticipated that many Member States and organisations will refer to the tool as part of their support for 
implementing EPBD Inspections. The tool can be downloaded from, or used at, the following websites: 
http://www.cardiff.ac.uk/archi/research/auditac/advice_tool.html or http://www.cf.ac.uk/archi/harmonac/  
10.4.1.1 INTRODUCTION 
Article 9 of the European Energy Performance of Buildings Directive (EPBD) is concerned with reducing the energy 
consumption of Air Conditioning systems in buildings. The second paragraph of Article 9 states “This inspection 
shall include an assessment of the air-conditioning efficiency and the sizing compared to the cooling requirements of 
the building. Appropriate advice shall be provided to the users on possible improvement or replacement of the air-
conditioning system and on alternative solutions”. 
The practical reality for the auditor/assessor in meeting Article 9 is that they have a limited timescale in which to 
assess/estimate the performance of both a building and its A/C systems. Within this timescale it is likely that the 
assessment of the A/C systems will occupy the majority of the time. A quick and easy method of assessing the effect 
that the building and its usage is having on the A/C system cooling demand is therefore required to minimise the 
time and effort spent on this task. 
The recast of the EPBD splits the AC inspection into two new articles – 15 and 16 – with Article 15 stating “The 
inspection shall include an assessment of the air-conditioning efficiency and the sizing compared to the cooling 
requirements of the building” while Article 16 requires “The inspection report shall contain the result of the 
inspection performed in accordance with ... Article 15 and include recommendations for the cost-effective 
improvement of the energy performance of the inspected system” 
This section provides details of the original AUDITAC Customer Advising Tool (CAT) [xxvi]. This tool has been 
designed to provide information, in a form accessible to a building owner or assessor, on which aspects of the 
Building Fabric and Operation are likely to be having the largest effect on the cooling energy demand imposed on 
the building’s Air Conditioning systems, and therefore which areas are most likely to provide the greatest potential 
for reducing this demand. The tool also provides an indication of the percentage change in cooling demand that 
would occur through variation of aspects of the building design or operation. It is important to note that the tool is a 
holistic design tool, i.e. it considers the overall cooling demand resulting from the interactions between all the 
criteria and parameters specified.  
It is also important to note that the CAT has been derived using data from Offices, but it is believed that the basic 
findings should be generally applicable to any situation that matches those described in the CAT input sections. 
10.4.1.2 THE NATURE OF COOLING DEMANDS IN BUILDINGS 
Modeling, monitoring and other studies on cooling in buildings and building services by the authors 
[xxvii,xxviii,xxix,xxx,xxxi,xxxii,xxxiii,xxxiv,xxxv,xxxvi,xxxvii,xxxviii,xxxix,xl,xli,xlii] and other researchers, have shown that those factors 
which have a significant effect on a building’s heating and cooling demands are relatively few.  
The heat transfer mechanisms within buildings are the familiar ones of radiation, convection and conduction. These 
mechanisms will transfer energy into or out of a building depending on the following main factors: 
• Time of day, week, year. 
• Ambient weather conditions. 
• Design of the building, its services, and its location with respect to overshadowing, exposure, etc. 
• Building use, i.e. occupancy type, hours of use, layout. 
• Internal conditions provided in the building. 
• Effectiveness of building services controls 
The CAT considers these aspects in terms of their effects on the cooling demand of buildings. The data presented by 
the CAT is obtained purely from modelling, but the results have been compared with previous measurements and 
monitoring to provide confidence in the results. The CAT presents the findings from the work in a manner that is of 
use to the assessor in meeting the requirements of Article 9 in the original EPBD and Articles 15 and 16 of the recast 
EPBD. 
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Single storey buildings, with both an exposed ceiling and a ground-connected floor must be represented by an 
additional and separate fourth run based on a model with both a ground-connected floor and an exposed ceiling. Only 
this single storey building has been modelled for this criterion in the CAT and CAT2 tools. 
10.4.1.3.3 CAT PARAMETERS 
Parameters are defined as those elements of the building design or operation that are known to have an influence on 
the heating and cooling demands, and are potentially able to be altered by the Inspector or building owner. 
Fabric U-value: This refers to the overall surface-averaged thermal conductance of the opaque elements in the 
external building envelope. This includes the roof as well as facades. The effects of this parameter have been 
modelled between 0.1 and 4.0 W/m2K. The average value used for this parameter is 0.5 W/m2K. 
Window U-value: This refers to the overall surface-averaged thermal conductance of the windows and transparent 
elements in the external building envelope. The effects of this parameter have been modelled between 0.5 and 6.0 
W/m2K, where the most insulating transparent element available would have a U-value of around 0.5 and single 
glazing would have a U-value of around 6.0. The average value used for this parameter is 3.0 W/m2K. 
Solar Heat Gain Coefficient (SHGC): This is the fraction of incident beam (direct) solar radiation that enters the 
building through the transparent elements, such as windows. This includes the transmitted solar radiation and the 
inward flowing heat from the solar radiation that is absorbed by the glazing. The effects of this parameter have been 
modelled for SHGC’s ranging from 0.1 to 0.9, where 0.1 is highly shaded, (i.e. little solar gain), and 0.9 means no 
effective shading. The reduction from 1.0 is simply due to the normal properties of glass. The average value used for 
this parameter is 0.5. 
Air change rate (infiltration only): This refers to the uncontrolled exchange of air between internal spaces and 
outside air due to gaps in the building fabric linked to design details. This value is given as the number of complete 
air changes per hour. The effects of this parameter have been modelled between 0.1 and 4.0 ac/hr, where a well 
detailed, well-sealed building would be around 0.1 and a very leaky, shallow plan building in an exposed and windy 
location would be around 4.0 ac/hr. The average value used for this parameter is 0.5 ac/hr.  
The tool does not specifically include a parameter for varying the ventilation air change rates, as it was deemed that 
this would be set by the building owner to meet the ventilation and cooling demands of the building. However, in 
tightly sealed buildings, the effects of modifying the ventilation rate can be approximated by adding the infiltration 
and ventilation rates together. This sensitivity analysis could be useful if a change from using air as the heating and 
cooling transport medium to recirculation A/C systems with separate fresh air supply were being considered.  
To expand this capability further CAT2 allows air change rates of up to 20 air changes per hour to be assessed, with 
5, 10 and 20 ac/h being the parameters modelled. 
Internal Gains (W/m2): This refers to the contribution of small power, lighting and people loads per metre squared 
floor area. The effects of this parameter have been modelled between 10 and 160 W/m2, where 10 W/m2 represents a 
very low density of occupation and equipment use, and 160 W/m2 would represent a very high density of equipment 
and occupancy, such as a business call centre. The average value used for this parameter is 40 W/m2. 
To expand this capability further CAT2 has added 500 and 1000 W/m2 internal gains to the modelled values as 
many air conditioning systems are being used to try and meet such demands where significant computer servers have 
been added to a building. 
Hours of use of the heating and cooling systems: This parameter refers to the effect of running the systems 
continuously or over the working week only (assumed 08:00 to 18:00 in this system). The effects of optimum 
start/stop have not been assessed. 
CAT2 adds the ability to assess 24 hour operation of the systems as well, so that reduction in demand by moving 
operation from 24 hours to ‘normal’ working hours can also be assessed. 
Variation in heating and cooling setpoints: The CAT assumes a heating setpoint of 21°C and allows the cooling 
setpoint to be varied between 21 to 25°C in 1°C intervals. It does not allow the effect of varying the heating setpoints 
to be assessed. 
CAT2 adds the ability to vary the setpoint from 21°C through 22.5°C to 24°C. 
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Variation in occupancy, equipment and lighting schedules: This parameter refers to the effect of intermittent or 
continuous occupation, equipment or lighting schedules. The CAT assumes an 08:00 to 18:00 schedule for all these 
parameters including the HVAC equipment. The effects of various combinations of continuous and intermittent 
schedules of these parameters have not been assessed. This parameter links to the earlier hours of use parameter for 
the heating and cooling system.  
 It is important to note that when the 24 hour i.e. continuous operation, option is chosen for the heating and cooling 
system that the internal gains still  only occur between 08:00 and 18:00. 
Spatial distribution of cooling loads: This reflects the possibility of moving the cooling loads within the space to 
minimize the cooling demands on the A/C system. Only evenly distributed loads are currently considered by the 
CAT. 
10.4.1.3.4 SYSTEM PARAMETERS  
In order to fairly compare heating and cooling energy use, as well as calculating potential carbon emissions savings, 
the relative efficiency of the plant and equipment used to supply the building's heating and cooling demand must be 
specified or estimated. These values are usually very difficult to obtain with any accuracy so it is necessary to test the 
likely range in the building being assessed to estimate the sensitivity of any recommendations to reasonable 
variations in these figures. These are defined in this work as SYSTEM PARAMETERS and include the following 
for both the heating and cooling systems if present in the building. 
10.4.1.3.5 HEATING SYSTEM EFFICIENCY (SCOP)  
This defines the Seasonal Coefficient Of Performance (SCOP) for the equipment used to provide space heating 
within the building. This is given as the annual average ratio of total heat output compared to total energy input to 
the equipment. A good condensing boiler based system would expect to achieve a SCOP of around 0.9, whereas an 
old cast-iron boiler based system might struggle to reach 0.6. 
10.4.1.3.6 COOLING SYSTEM OVERALL EFFICIENCY    
This is the overall annual ratio of the cooling energy demand met by the installed cooling system, divided by the total 
energy input to the cooling system. It includes auxiliary energy consumption as well as the chiller energy 
consumption. It is important to note that this is NOT the Energy Efficiency Ratio (EER) for the Chilling equipment 
used to provide comfort cooling within the building. A low rating (0.3 - 0.6) would apply to an inefficient system, 
and a high rating (>2.0) to a very efficient integrated system. An average annual performance is likely to be 1.0 - 1.5. 
Countries with high cooling demands are likely to see slightly better overall efficiencies than countries with low 
cooling demands, as the chiller energy demand in hot countries will be a greater proportion of the overall cooling 
system energy consumption.  
10.4.1.3.7 FUEL CARBON EMISSION FACTOR  
The amount of carbon dioxide emitted through the consumption of 1 kilo-Watt hour of fuel used. This is given as a 
value between 0.0 for totally renewable energy and 0.43 kgCO2/kWh for delivered grid electricity - although 
allowance is made in the CAT for values up to 0.60. For countries other than the UK the appropriate Grid delivered 
electricity factor should be used. Refer to the International Energy Agency (http://www.iea.org) for further 
information. 
10.4.2 INTERPRETING THE  OUTPUTS FROM  CAT 
Once the building assessor has entered values for each of the above criteria and parameters (or accepted the default 
values offered) the CAT then searches its database to find the output graphs that match these values.  
Figure 37 shows an example output graph.  
Output graphs present the PERCENTAGE change in heating and cooling demands that would occur for a given 
change in an individual parameter, along with an estimated overall change in carbon emissions. The value assigned 
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to each parameter is shown by the vertical green line on each graph, and the percentage changes in the Y-axis are 
relative to this value.  
 
 
Figure 37. Example output graph showing the percentage change in heating and cooling demand achievable by varying the building 
fabric U-value from the input value (0.5) 
A positive percentage increase shows an increasing demand for heating or cooling, and increasing carbon emissions. 
A negative percentage shows a reduction in these values. 
The carbon emissions line is used as a proxy for assessing whether the proposed parameter changes might adversely 
affect the heating demands. The carbon emissions estimates are derived using the heating and cooling system 
parameters entered on the input screens, so it is important these are as accurate as possible, but they are still only 
estimates as the values entered will vary with time of year and actual demands on the systems. 
In this example the graph shows that from a carbon viewpoint the current fabric U-value is probably the optimum for 
the combination of criteria and parameters chosen. Had we increased the U-value to 2.0 then from the graph we 
would have potentially achieved around a 60% reduction in the cooling demand, but the heating demand would have 
risen 250% and the overall carbon emissions around 100%.  
The assessor would therefore not need to consider this parameter as a potential area for improvement in the on-site 
inspection. This graph also shows the importance of considering the building and occupancy holistically. Had the 
heating impact not been considered then it would have appeared that we would need a less insulating U-value than 
currently installed. 
The output graphs are viewable as both annual and monthly graphs for each parameter, so that the seasonal variation 
of the loads due to a given parameter can be assessed. At present the CAT does not allow the assessment of dynamic 
parameter changes in one run, e.g. using moveable shading to alter the SHGC only through the months requiring 
cooling. However the assessor can run a series of different parameter values which would give him the same 
information. 
10.4.3 CONCLUSION  
This section has provided an overview of the derivation of the CAT and an insight into what changes the CAT2 tool 
will have. The CAT tool shows how a building’s basic design and operation might affect the cooling demands placed 
on an A/C system used in the building, and how these demands might potentially be reduced through altering aspects 
of the building’s design or operational parameters. 
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10.5 AC‐COST: A  SIMPLE  TOOL  TO QUANTIFY  ECOS 
AC-cost is a simple spread sheet that aims to improve the status of the operation of an air conditioning plant through 
the analysis of the history of running costs bills including energy, water, maintenance.  
The best policy is to integrate all AC aspects in a continuous improvement plan like ISO 14001, EMAS or 
GreenBuilding. For this some tools have to be put in place. The best solution is when the owner/manager 
understands that the expenses in Euros can be lowered by lowering the consumption in kWh. This is the rationale 
behind AC-COST. We describe here the details of calculation. 
10.5.1 A  GLOBAL  APPROACH  TO EXISTING  PLANTS:  THE RUNNING  COSTS  ESTIMATION 
Very often, the task of an auditor or inspector is the assessment of the status of the existing plant through the 
documentation analysis and the site visit require a very big effort and a lot of time. Owners and operators seldom 
follow and record the operation of the existing plant, but this task can be easily performed through the collection and 
analysis of the documents more available for a plant: the bills. The yearly or monthly bills show the operation mode 
of the system through its consumption in terms of energy and water and its cost in term of maintenance and repair. 
Speaking in terms of “bills” and “money” allows us to directly communicate with the user in a simpler and more 
understandable way than speaking in energy terms: kWh of kJ are terms less familiar and the translation in € measure 
is easier and more appreciable for a common owner who is looking for advise for reduce its running costs and 
improve its plant. 
We developed a global approach of the running costs of an air-conditioning plant that starts from the past bills, this 
allow us to understand the evolution of the operation of the plant from its installation until today and to estimate the 
development of its future operation. 
On the other hand, this estimation can be used to propose different improvements of the system and estimate the 
money savings related to the energy savings. This quantities showed as interval of  € savings are comparable and 
ready to use. For the economic calculations the use of the net present value of the costs is used. 
10.5.2 THE  EXISTING  SYSTEM  CHARACTERISTICS    
In a first step the running costs of the existing plant is evaluated, we speak only of running costs because if some 
action is profitable in terms of running costs it should be done, even if the existing plant can still run sometime or 
even if present plant is not amortized from this point of view. In order to do that a number of elements are required. 
At the beginning a short description of the system is asked through a preliminary list of system choice, the specific 
parameters required for calculations are: the cooled area, the climate type (three choices are proposed as 
representative of three European different climate: London, Milano and Seville), the nominal capacity of the system 
(if not available a button allow to estimate it on a basis of 120 W/m² installed), if the system is water cooled. At this 
state the calculations are independent from the type or use of the building. 
The time frame is required to establish the period over which the calculation will be performed. We consider the 
remaining life of the plant as time basis and in order to calculate it, we would need the installation year and the 
lifetime of the plant. 
Great uncertainty exists in the determination of the lifetime of an AC plant and many factors can influence it, so it is 
in general very difficult to establish a real value. The lifetime of the plant can depend on the type of the system, on 
the maintenance level, on the climate, on the economic possibilities, on the design and on the wishes of the owner. 
To establish the time basis for the calculation we have to consider different possibilities. 
If the owner has already forecasted a date for renovation, the number of remaining years of life of the plant can be 
used as time frame.  
If no renovation is envisaged and no precise renovation time is specified, a fault value of conventional lifetime of the 
plant is considered (for central systems ~20 years) and the time basis is calculate as the difference of this period and 
the existing years. In this case, if this time basis is too short a default value of 20 years is used. 
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10.5.3 THE  ENERGY  AND WATER  COSTS  
The energy costs are mainly the electricity costs for the AC plant all over the plant lifetime. This value is rarely 
available to the owner because is not measured or indicated in the electricity bill separately from other usages and is 
quite difficult to find a precise benchmark or a technique that allows disaggregating it from the total. For buildings 
equipped with BEMS, data can be extrapolated from the data logger of the BEMS if the consumption of the plant is 
measured then a cost can be obtained with an average electricity cost. 
Despite these problems, we keep the possibility that the user enters directly his energy costs. He eventually can enter 
just some values he possess (at least two different years are required) then an average is calculated and used as 
constant energy cost for the entire time basis. 
If the consumption of the system is reference values from the EECCAC results for offices reported in the annex of 
the Ac-cost user’s guide can be used. 
The output is an estimation of the electricity consumption (kWh/year) and, using average electricity cost (0.15 
€cents/kWh as default value) the energy cost (€/year). 
Thereby, we underline that we consider an optimistic forecasting of energy consumption and we don’t consider 
factors that normally increase it such as the overheating of the planet or the degradation of the system due to ageing. 
In the case of the presence of a condensing wet tower, the cost of the annual water consumption is also required in 
order to complete the running cost assessment. As for the energy, the owner can fill some year from available water 
bills (if a separate counter exists for the tower) and an average value is considered for the rest of the time frame.  
If water consumption is unknown, the same button for energy case performs water consumption calculation 
following the climate and the system. The condensing energy is calculated as: 
* * _ *(1 )WaterConsumptionYearWaterConsumption Area Power Compressor SEER
HeatRejected
= +  
The water consumption-heat rejected ratio is evaluated in the worst case at 4 kg/kWhcondens. The water consumption 
year obtained is in kg/year. The year cost is then calculated with a default unitary cost of water of 2 €/m3. 
We do not consider cases where water costs are available and not energy or vice versa. 
10.5.4 MAINTENANCE  COSTS  
In a first case, a contract of maintenance is available and the maintenance costs are fixed (for normal and preventive 
maintenance) and constant. In that case the user enters the contract values; a button allows calculating a mean value 
considered for the incoming years maintenance costs. 
In a second case, the user doesn’t have subscribed for a continuous maintenance programme but he has just some 
costs for the last years (two years would be enough) for repairs, then the tool calculates an average cost that it 
considers constant for the entire time basis but realistically it would be increasing. 
When no costs are available at all, a formula is supplied that allows calculating maintenance costs as a percentage of 
the initial investment following the system type. The hypothesis are that in the middle of the life plant the 
maintenance costs are about x% (different value following the system type as in the table 3) of the installation 
investment while at the end of life its maintenance cost is 3 times the initial value due to the ageing of the plant. The 
trend can be assumed linear with the time. When the initial cost is not available, a simple tool in the sheet 2 estimates 
it from the system type and the conditioned area (investment cost from EECCAC or Keepcool 2 project). 
10.5.5 NET  PRESENT  VALUE  OF THE  EXISTING  PLANT 
Once all these values are entered, a net present value (NPV) of the future cost of running the existing plant is 
computed as the sum of the main terms energy, water and maintenance cost, with a discount rate of 8% (legal 
discount rate). This value is necessary and will be compared to the value computed in case of plant improvement to 
measure the interest of a retrofitting measure. 
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10.5.6 NET  PRESENT  VALUE  OF HEIGHT  PROJECTS  OF RENOVATION  FOR  ENERGY  IMPROVEMENT  
The opportunity to introduce better energy efficiency in air conditioning is presented here through four major 
measures: 
1) Project 1: replacement the cooling system with a same capacity system, better efficiency ECO P2.6 
2) Project 2: replacement with lower capacity system ECO P2.6 
3) Project 3: convert a constant air volume system (CAV) to a variable air volume system (VAV) ECO P3.7 
4) Project 4: introduce free cooling - ECO P3.11 
5) Project 5: Replacement of the motor used in fans or pumps with the best class motor ECO P1.6 
6) Introduce exhaust air heat recovery - ECO P3.9 
7) Replacement of fans with the best class efficient fans - ECO P3.3  
8) Install BEMS - ECO P1.1 
In order to evaluate the interest of each solution the user can fill another table to calculate the present value of the 
costs for the modified plant. The difference between the present cost of the modified plant and the cost of the present 
plant “as it is” will be a measure of the opportunity of savings (€). 
The hypothesis is that the duration of the project is equivalent to the remaining life of the plant with the condition of 
the 20 years minimum last. 
Moreover, the plant cost can be calculated for different measures in order to compare them and determine the most 
interesting measure. 
The energy cost and maintenance costs and the additional investment for the renovated plant are assessed from the 
results of the EECCAC project. 
10.5.6.1 PROJECT 1: REPLACEMENT WITH SAME CAPACITY SYSTEM, BETTER EFFICIENCY 
Important energy savings can be achieved simply by the replacement of the existing cooling system with a newer 
system of the same capacity but with better efficiency. The replacement can be estimated for the same technology 
but improved system (i.e. newer product of the same manufacturer with better control). This improvement can be 
translated through the increase of the efficiency of the system EER. If we would be more precise, a seasonal energy 
efficiency (ESEER) would be more representative including the partial load behaviour of the system, but whereas 
EER can be easily found on manufacturer documentation or on the Eurovent database (http://www.eurovent-
certification.com/),. It is possible to use default values for the EER, where the present EER is from the EECCAC 
project and the improved value is the best market value in the 2004 Eurovent certification directories. 
If the additional investment is unknown it will be automatically estimated. 
For replacement project, the NPV is calculated over a period of 20 years, whereas the savings are estimated for the 
remaining life of the present system and include the investment as a paying off quantity (1/20 of initial additional 
investment per year). 
10.5.6.2 PROJECT 2: REPLACEMENT WITH LOWER CAPACITY SYSTEM 
In this case, we compensate the oversizing of the system replacing it with a new system of lower capacity adapted to 
the real need of the building. The reduction of the capacity is represented as a percent of the initial capacity. Both 
energy and maintenance costs are considered proportional to the system capacity and the savings are directly 
proportional to the capacity reduction. 
More than simply reduce the capacity, the possibility to improve the efficiency at the same time is left to the user, 
and is developed as in the previous case. It is possible to use default values for the EER, where the present EER is 
from the EECCAC project and the improved value is the best market value in the 2004 Eurovent certification 
directories. 
If the additional investment is unknown it will be automatically estimated. 
As for the previous case, the NPV of the costs of the project is calculated over a period of 20 years, whereas the 
savings are estimated for the remaining life of the present system and include the investment as a paying off quantity 
(1/20 of initial additional investment per year). 
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10.5.6.3 PROJECT 3: CONVERT A CONSTANT AIR VOLUME  SYSTEM  (CAV)  TO A VARIABLE AIR VOLUME 
SYSTEM (VAV) 
This action consists transform the system from constant air volume to variable air volume system. 
In this case, the possibility of savings is strongly related to the climate. The EECCAC results are used to evaluate the 
energy savings where: 
- For Sevilla the final consumption is 58% of the CAV consumption 
- For Milano: the final consumption is 41% of the CAV consumption 
- For London: the final consumption is 24% of the CAV consumption 
Notice that the maintenance costs are the same for both cases. 
10.5.6.4 PROJECT 4: ADD FREE COOLING 
The option of the free cooling represent a very interesting opportunity because of its low cost respect its potential. In 
this case an overcost of 2% of the overall system cost is considered in order to assess the additional investment when 
not available. Following the climate, the global energy reductions are: 
- For Sevilla the final consumption is reduced of 88% 
- For Milano: the final consumption is reduced of 86% 
- For London: the final consumption is reduced of 87%. 
The maintenance increase proportionally to the additional investment if it has been estimated through the formula for 
the initial system, or increase of 10% if it has been just calculated from real maintenance costs entered by the user. 
10.5.6.5 PROJECT  5:  REPLACEMENT OF  THE MOTOR USED  IN  FANS OR  PUMPS WITH  THE  BEST  CLASS 
MOTOR 
This action consists in replacing the motor used in fans or pumps with the best class motor. 
Fans and Pumps efficiency depends in part from its motor efficiency; the replacement of motor with a more efficient 
one reduces energy consumption. Pursuant to Directive 2005/32/EC the minimum energy efficiency of electric 
motors must meet or exceed the IE2 efficiency level as defined in the EN 60034-30 in January 2011, and meet or 
exceed the IE3 efficiency level in January 2015. 
The option of a replacement of a motor by the highest efficiency one represents a very interesting opportunity when 
the motor has to be changed, i.e. every 10 years. 
10.5.6.6 PROJECT 6: INTRODUCE EXHAUST AIR HEAT RECOVERY 
The use of an air to air heat exchanger to recover exhaust flow energy may reduce cooling and heating ventilation 
loads. The case of a cross flow sensible heat recover device with an efficiency of 0.6 can be studied. 
Heating saving potential is very important in many climates, but the cooling savings are less important and only 
significant in hot summer locations. 
10.5.6.7 PROJECT 7: REPLACEMENT OF FANS WITH THE BEST CLASS EFFICIENT FANS 
Replacement of fans according to Directive 2009/125/EC which establishes Ecodesign requirements for the placing 
on the market or putting into service of fans. 
10.5.6.8 PROJECT 8: INSTALL BEMS 
Building Automation and Control equipment and systems provides effective control functions of heating, ventilating, 
cooling, hot water and lighting appliances, that lead to increased operational and energy efficiencies. Complex and 
integrated energy saving functions and routines can be configured on the actual use of a building depending on the 
real user needs to avoid unnecessary energy use. Energy savings are based on the energy class of EN 15232. 
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11 SYSTEM PERFORMANCE  CALCULATOR  WORKBOOK  
The System Performance Calculator Workbook is an Excel based tool that allows Inspectors or Maintenance 
personnel to assess the performance of single room split systems during the Inspection process. It has been used and 
refined during the Inspection process for the 270 UK Field Trials. 
Its main benefits are the instant calculation of measured performance to allow comparison with the manufacturer’s 
data, and hence identify potential ECOs immediately. It does however either require the Inspector to be undertaking 
a maintenance procedure at the same time or the owner/operator to provide personnel who are authorised to connect 
the amprobe or similar to the unit’s power input section. 
Example 2 in section 6.7.2, the overall discussion of the UK Field Trials within this report, shows how the 
Workbook outputs can be used within the Inspection process. 
11.1 BASIC TACTILE  AND  VISUAL  TECHNIQUES  FOR   INSPECTION  OF  AIR  CONDITIONING  SYSTEMS  
This section complements the System Performance Calculator Workbook by outlining a basic approach that might be 
used for checking the satisfactory operation of an Air Conditioning System by a Refrigeration/Air conditioning 
Field/Service Engineer when a more intrusive approach is either not possible or potentially not required. The 
intention is to show how these basic approaches to identifying problems in AC system operation might be used 
within the AC Inspection process. 
11.1.1 TOOLS  
The amount of tools and equipment taken to site initially often depends on how far away the service engineer’s 
vehicle is parked; if it is close by then he might take nothing at all - electing to ‘check it out’ first before deciding on 
what was needed or using an ad hoc approach. However, a more conscientious engineer will carry a small bag of 
hand tools, a thermometer, an electrical multi -meter, an ‘Amprobe’ and perhaps pressure gauges at all times. 
11.1.2 CONTROLS  
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Control issues form many of the most common opportunities for improving the energy efficiency of AC systems. 
The figure above shows how control problems might be resolved where there are problems with achieving cooling 
within a space, as this is the principal reason for an engineer being called to site. 
This same figure though also shows where there are opportunities for the AC Inspector to identify potential energy 
saving opportunities. In this case the main items an Inspector would check are: 
• Timeclock settings 
• Thermostat setpoints and correct operation - by comparing measured temperatures in the space with 
setpoints required. 
• Cleanliness of filters and impellers 
Temperatures should be always taken with an independent thermometer in which the engineer is confident of its 
accuracy but, unfortunately, often in the initial stages of investigating a problem the on-site provisions are used i.e. 
via the controller or recorder which could be inaccurate and, therefore, be the cause of the problem. It is important 
for the Inspector to therefore make their own checks of these parameters. 
11.1.3 INDOOR UNIT  (EVAPORATOR)  –  BASIC  VISUAL/TACTILE ASSESSMENTS AND DIAGNOSTICS  
The indoor unit, for various reasons, is normally the first item to be seen and therefore the service engineer would 
immediately appreciate whether or not: 
• The fan is running 
• The system is producing ‘cold air’ and is achieving comfortable zone conditions –from his own perception 
or through communicating with the occupants, 
•  or that the system condition might be improving from a high zone temperature after start up when there 
may be only a perception of cooling by virtue of an initial reduction in humidity; 
Providing the filters are clean, the temperature setting is correct, a low fan speed not chosen and there appears to be 
sufficient air flow, then the indications that the system was operating satisfactorily would be good. 
An indication that filters might be blocked, if access was initially difficult, would be evidence of dirt1 on the air 
discharge grilles and/or adjacent ceiling; and if they are significantly blocked then there may be a sharp noise of the 
intake air, audible, because it is bypassing the filter. 
A stale musty smell from the fan coil unit could also be indicative of a dirty or blocked evaporator coil or fan 
impeller. 
If the discharge air and room air temperatures can be measured then a difference of between 8 to 16°Cxlv (Ref: 
RAC80 – make this reference in full at the end of the paper) should be observed, depending on the type of system 
and whether the compressor is inverter driven. 
Almost all these techniques are of value to an AC Inspector. 
11.1.4 OUTDOOR UNIT (CONDENSER)  –  BASIC  VISUAL/TACTILE  ASSESSMENTS  AND  DIAGNOSTICS  
On examination of the condensing unit there should be a tangible difference in temperature of the air on and off of 
the condenser coil of up to 15-17K, which would be dependent on:- 
• The ambient temperature 
•  Room load 
• Whether the compressor is running or is inverter driven 
• The cleanliness of the condenser. Very often, although attention is given to the external cleanliness of the 
fins, the tubes may be coated with grime and the fin matrix may be blocked. 
                                                          
1 This could also indicate the lack of a filter or that the filter is of too low a grade which in all cases might lead to the 
evaporator or fan impeller being blocked. 
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• The action of a fan speed controller. 
• Covers being correctly fitted. 
Where there are external pipe work connections/service valves, an appreciation of their temperature, by both touch 
and sight, could give an indication of ‘correct’ performance: 
11.1.4.1 SUCTION LINE – BASIC VISUAL/TACTILE ASSESSMENTS AND DIAGNOSTICS 
• With single refrigerants, such as R134a, R22 or low glide blends such as R410A,  the suction line would be 
very cold and under most conditions, ‘sweating’ , although in low ambient temperature and humidity 
conditions the suction line might be perceived as being ‘warm’ and seen to be dry. 
• With high glide blends, such as R407C, the suction line may be only slightly cool to touch and only sweat 
under high ambient humidity conditions. 
11.1.4.2 LIQUID LINE – BASIC VISUAL/TACTILE ASSESSMENTS AND DIAGNOSTICS 
• A cooling only system with 100% ‘indoor expansion’ is usually identified by the interconnecting liquid line 
between outdoor and indoor units, being left un-insulated. This should feel warm to touch, unless over 
condensing is occurring or if the expansion device is blocked or wrongly adjusted, in which case it would 
feel cold. 
• A sight glass may be fitted which, if showing that liquid refrigerant is present without ‘flash gas’ bubbles, 
would indicate a full column  of liquid to the expansion device, and providing other parameters are met, 
could indicate that the refrigerant charge is correct. 
• Where there is partial ‘outdoor expansion’ (typically 60%) the interconnecting liquid delivery pipe becomes 
an ‘expansion line’ which should feel cold to touch and may sweat in warm and humid conditions, whilst 
frosting can be an indication of shortage of refrigerant. Expansion lines are always insulated, even on 
cooling only systems, although an insulated liquid line on a heat pump system does not necessarily mean 
that there is outdoor expansion. The liquid line in units that do have interconnection expansion lines is 
relatively short and would not be accessible without removing the access covers. 
It should be noted, however, that the outward signs of a non intrusive check for correct refrigerant charge can be 
disguised when the compressor is inverter driven. For instance, it is more likely that a shortage of refrigerant would 
become apparent earlier with a fixed speed compressor. 
11.1.4.3 COMPRESSOR – ACOUSTIC ASSESSMENT 
Checking whether the compressor is running can be made by its sound although this sometimes is difficult if it is 
inverter driven and running at low speed or if it not pumping. Can sticking a length of metal or timber rod onto the 
compressor and listening to it help with this? Bit like you would do with an engine to listen for problems inside the 
cylinder block? 
11.1.4.4 CONDENSER AIR FLOW – AIR MOVEMENT ASSESSMENTS 
• An appreciation of sufficient air flow volume can be made provided consideration is given to the way in 
which the fan cycling or speed control is arranged: 
o It should be understood that a condenser fan on pressure control (noted how?) would run less often 
or run slower if the system was short of refrigerant 
o Alternatively the condenser fan  would run faster if it was short of refrigerant if it was controlled 
by the condenser or liquid line temperature, whilst it would slow down if a system was over 
charged, had a blocked restrictor/ capillary expansion device or if the expansion valve was adjusted 
for a too high superheat. 
• If the air off of an axial fan is splayed outwards (Fig. 2) rather than discharging straight out (Fig. 1) then 
this could be an indication of a blocked condenser matrix. 
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11.2 OVERALL  SUMMARY FOR TOOLS  
Besides a more accurate estimation of the energy flows in the building, the simulation tools allow the user to explore 
innovative solutions and potential improvements of the energy performance of the inspected system. This allows the 
inspection to be more cost-effective.  
The SimBench and SimAudit tools are able to compute a reference consumption for the inspected building or 
system which is based on realistic data. This allows determination of whether the analyzed case is working properly 
or not. In a second step, another simulation tool can be used in order to represent more accurately the analyzed 
building and system. After calibration of the tool using measurements recorded on site, the tool can be used in order 
to assess the performance of a selection of ECOs and determine the energy savings associated to those ECOs. The 
tools were tested on a number of field trials and case studies analyzed by the HARMONAC partners. 
The CAT Tool is able to quickly evaluate whether there are any building related opportunities for reducing the 
demand on the air conditioning system. 
The AC-Cost Tool can be used to evaluate the economic potential for a number of ECOs. 
The System Performance Calculator Workbook is an onsite Inspection and Maintenance Tool allowing quick 
estimation of the actual performance of single room AC systems from simple measurements. This allows the 
inspector to quickly assess whether there are problems with the system which will allow more focussed inspection of 
the system and more accurate identification of ECOs. 
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12 TEACHING  PACKAGE FOR  TRAINERS  AND   INSPECTORS  
12.1 INTRODUCTION  
The purpose of this part of the project was to ascertain the needs of the actors in the MS who are going to train and 
license the Inspectors and Auditors of A/C systems. All work with the others Participants to package the information 
and knowledge produced by HARMONAC was set into a series of outputs suitable for training and teaching 
packages. 
HarmonAC was designed to provide trialled guidance on how best to achieve energy savings in Air Conditioning 
systems through the use of inspections, as required in the original EPBD. Article 9 of the original EPBD, an 
important and innovative European law, requires a regular inspection including recommendations for renovating A/C 
systems with more than 12 kW cooling capacity. However, at the start of HARMONAC only a few Member States 
have transposed Article 9 of the EPBD into national law. There were also a lack of procedures and technical support 
for the practical implementation of the law. 
The forerunner project to HarmonAC was the AuditAC project (Field Benchmarking and Market Development for 
Audit Methods in Air Conditioning), which was launched in 2005. The main outputs of AuditAC were guidelines 
and tools to assist in inspections and audits, which are available on the website. Based on the results of AuditAC a 
serious shortage of publicly available independent information on the main factors affecting the efficient operation of 
A/C systems was identified. AuditAC also identified that there will be a shortage of trained personnel throughout 
Europe to undertake the number of inspections and audits that will be required by the EPBD, and now its successor 
the recast EPBD. 
The primary aim of the HarmonAC project was to provide by November 2010 a robust source of information on 
energy and carbon savings to be made from various aspects of the A/C inspection process. It also wished to provide 
guidance on the frequency of inspection required to maximize the energy savings to cost benefits. This will enable 
Member States to make informed decisions about the likely scope and impact of the inspection procedures 
implemented in their country. 
A centerpiece of the project was the production of sound inspection and audit procedures that will underpin the Field 
Trail and Case Studies undertaken in the project. These studies were essential for maximizing the energy savings and 
shape recommendations for the implementation of the inspection guidelines. These procedures apply to all 
mechanical cooling systems – that is, those that can actively reduce the temperature of the spaces that they serve, i.e. 
they do not consider simple mechanical ventilation systems. When a system provides both heating and cooling (and 
where the heating element can be separated from the rest of the system) only the cooling element will be considered. 
12.2 QUESTIONNAIRE  
To ascertain the needs of the actors who are going to train and license the inspectors and auditors of A/C systems, we 
needed some initial information and therefore we asked potential Participants to answer some questions in a two 
page questionnaire. 
The questionnaire asked about the current situation regarding the inspections of air conditioning systems in each 
country. We were interested if they already carry out inspections, what inspection involves, what methodology is 
used, if they perform any measurements (if they do, what they measure), what is the result of the inspection and if 
they already have a program for training inspectors. 
In the first page of the questionnaire the following questions were asked: 
Do you have a national procedure for AC inspection? - We want to know if they already have AC inspection 
procedure developed in their country. 
Inspection methodology involves? - We want to know if the inspection involves AC and ventilation systems or just 
AC systems. 
Is the same methodology used for all AC systems? - In this question we were asking if they have the same 
methodology for all AC systems or if they have different methodologies according to the power of the system, type 
of the building, etc.  
Is the Methodology used based on the existing European standards? - Some standards were listed and we want to 
know, which of them were used as a base for their methodology. 
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The inspection is or will be combined with: - We want to know if the AC inspection they already have, or have 
planned, is or will be combined with some other inspections (inspection according to the F-gas directive, hygienic 
inspection, boiler inspection, fire safety…) 
If the inspection requests measurements, they involve: - We want to know what they measure: temperature, humidity, 
CO2, air flow, pressure loss, electric energy consumption… 
In the second page of the questionnaire the following questions were asked: 
The inspection outcome will be: - We want to know if the outcome of inspection will be report with suggestions 
without analyses or report with suggestions based on detailed analyses. 
If the detailed analysis is done, it should based on: - Some possibilities were listed (energy audit, measured 
parameters, technical documentation, energy bills). 
Do you already have training material for AC inspection available? – Because we were going to develop training 
materials for AC inspection, we want to know what already exists in each country. 
What is the required profile of the inspectors? – We want to know what kind of education, skills and experience 
related to AC are required. 
What do you need for successful implementation of Article 9 in your country? – In this question members could write 
about problems they have with implementation of article 9 of EPBD in their country. 
Where do you find the lack of information (what information is needed for improving your activity and for preparing 
materials): - Few possible answers were listed: benchmarking of the energy consumption for different AC systems, 
software tools for the energy calculation and/or CO2 emissions, measurements procedures, detailed description of the 
best practice examples, other. 
     
Figure: Information pack and questionnaire 
12.3 TRAINING  MATERIAL  
From the material developed during HARMONAC and AUDITAC, we have developed a training package intended 
to assist those who will be training future AC system inspectors. In the training package we described the basic 
principles of everything to do with the Inspection process, from the purpose of it, legal background, air conditioning 
system basics, HarmonAC inspection procedures, on-site data collection and analysis tools, inspection report and 
recommendations, to examples of use of procedures on real systems. 
The Training Package consists of 7 separate presentations in PowerPoint format:  
• Purpose of training package   
The purpose of the Training package is to give knowledge to actors in MS who are going to train and 
license the Inspectors and Auditors of air conditioning systems. The training package was guided by the 
findings of the questionnaire, which in turn we devised on the basis of information and knowledge produced 
by HARMONAC project. 
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• Legal background (EPBD and articles, Standards)   
In the context of the legal background of air conditioning inspection, a directive (Energy Performance of 
Building Directive (EPBD)) and two standards (Energy performance of buildings - Guidelines for 
inspection of ventilation systems (EN 15239), Energy performance of buildings-Guidelines for inspection of 
air conditioning systems (EN 15240)) have been introduced to assist this process into practice in the 
Member States.  
 
Main issues covered by the EPBD: the general framework for a methodology of calculation of the 
integrated energy performance of buildings (article 3); the application of minimum requirements on the 
energy performance of new buildings (article 4-5); the application of minimum requirements on the energy 
performance of large existing buildings that are subject to major renovation (article 4-6); energy 
performance certification of buildings (article 7); regular inspection of boilers (article 8) and of air-
conditioning systems (article 9) in buildings and in addition an assessment of the heating installation in 
which the boilers are more than 15 years old; requirements for experts and inspectors for the certification of 
buildings (article 10), the drafting of the accompanying recommendations and the inspection of boilers and 
air-conditioning systems.  
 
Member States shall lay down the necessary measures to establish a regular inspection of air conditioning 
systems of an effective rated output of more than 12 kW. This inspection shall include: an assessment of the 
air-conditioning efficiency and sizing compared to the cooling requirements of the building. Appropriate 
advice shall be provided to the users on: possible improvement or replacement of the AC system and 
alternative solutions. Of all the measures foreseen by EPBD, the inspection of AC systems is the one that 
has proved to be the most difficult to implement. 
Technical and contractual barriers to the diffusion of AC inspection 
Most AC system components (chillers, fans, pumps, etc.) are electrically-driven, but separate electricity 
metering (i.e., lighting, appliances, AC, etc.) is seldom available. Calculation methods for assessing the AC 
energy demand are not as well established as those for winter heating. National regulations for AC system 
inspection are generally still lacking. Structure of energy service contracts: such contracts normally include 
operation and maintenance of AC systems, but who pays the electricity bills? 
• Air-conditioning systems basics (Air-conditioning classification, Air-conditioning description)  
This section presents the basics of air conditioning. Air conditioning refers to treatment of indoor air 
(temperature, humidity) to produce thermal comfort. Air conditioning also involves cleaning and circulation 
of air to produce good indoor air quality (IAQ). First we describe the thermodynamic processes taking place 
in air-conditioning, because we believe that this knowledge is very important for the inspectors. Then, we 
describe air-conditioning classification, components and elements of the air conditioning system and 
elements for air distribution. In detail we described packaged units, split systems, chillers, water loop heat 
pumps, cooling towers and air handling units (AHU). Without basic knowledge of thermodynamics and 
knowledge of the elements of air conditioning system inspectors cannot perform air conditioning system 
inspections. This part of the training package contains 34 pages of power point presentations. 
 
• HARMONAC Inspection procedures (Pre-inspection, Inspection (Packaged air conditioning systems, 
Centralised air conditioning systems), Audit)  
One of the most important, and also the longest (62 pages of power point presentations), part of the teaching 
package presents the Harmonac inspection procedures. The inspection methodology is divided into pre-
inspection, inspection and audit.  
 
Pre-inspection methodology comprises the collection of important information which will help in 
evaluating the energy use and identifying potential energy savings before going to the building. It consists 
of: Analysis of as built files, including design calculation and commissioning results, Analysis of 
information made available by the building manager: consumptions, running expenses, failures and 
maintenance records, occupancy and complaints records. Information is also collected on the structural and 
mechanical components that affect building energy use and the operational characteristics of the facility. 
The aim of the pre-inspection is reconciling the building (zone), with the treated AC system from the 
documentation and with the service/maintenance done.  
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For the initial inspections of many buildings much of the required pre-inspection information does not exist. 
However time should be allowed to obtain and collate this important data to have a good basis for a high-
quality inspection.  
 
The inspection procedure consists of measurements (air quality, energy consumption, air flow rates, etc.), 
photographs and description. Other inspections required (for example in the context of the F-Gas regulation) 
have to be considered. The procedure also indicates the time taken for every step of the inspection as a basis 
for the “time costs: energy benefit analysis”.  
 
An audit is an in-depth analysis of one part of the inspection where significant Energy Conservation 
Opportunities have been identified. 
The inspection procedures tested provide a range of field-trialled methodologies designed to allow Member 
States to maximize the opportunity cost/benefit ratios of their inspection procedures within their own overall 
strategies for carbon reduction. The inspection methodologies trialled were augmented with additional 
information ranging from simple visual observations of the plant and other visual indicators such as 
refrigerant sight glasses, fixed refrigerant pressure or temperature gauges; through to detailed assessments 
using sophisticated field-testing equipment. On-site inspection methodology consists of undertaking either 
the Packaged system inspection checklist or Centralized system inspection checklist. 
• On-site data collection and analysis tools  
As part of the on-site inspection and analysis tools section, measuring equipment, which is used to obtain 
real information on the operation of air conditioning system (measuring temperature, humidity, air-flows, 
CO2 concentration and electricity consumption) was described. For future inspectors, it is also important to 
know how to use the software to simulate the operation of the air conditioning system. Listed and described 
are the following software tools: Benchmark, Simaudit, Cat tool, AC Cost. 
• Inspection report and recommendations  
Inspection report and recommendations is a necessary and important step to ensure the inspection process 
will be useful in the wider aim of reducing unnecessary energy consumption from the systems inspected. 
The auditor needs to evaluate the information gathered during the site visit, research possible Energy 
Conservation Opportunities (ECO’s), organize the inspection into a comprehensive report, and make 
recommendations on improvements.  
Qualitative and quantitative information gathered in the Pre-inspection and Inspection phases should lead to 
actions, including a selection of applicable and cost-effective ECOs: Envelope and loads, Plant and 
Operations and Management (O&M). 
The report from the inspection, with possible ECO’s, should be used as the basic input for subsequent more 
detailed audits where required. 
• Examples of use of procedures on real systems. 
At the end of the training package two examples of inspection of air conditioning systems carried out under 
the HarmonAC project are presented. These are: Belgium and Austria Case Study. They are carried out as 
required in Harmonac methodology. Firstly there is a description of a building, number of zones and net 
area of the building. Then follows the description of AC system installed (system type, operating 
temperatures, air flows…). An important aid to inspection is obtaining measurements where allowed by the 
Member State (presented in Austria case study) and analyses done by simulation software (Belgium case 
study). The purpose of inspection is to find energy conservation opportunities (ECO). So in the end of the 
example power point there is a number of energy conservation opportunities possible in test studies 
presented. For these ECOs energy savings are calculated. 
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1. Purpose of training package 
1.1. Introduction 
1.2. FAQ’s 
1.3. Accredited training providers by country 
 
2. Legal background 
2.1. Energy Performance of Building Directive (EPBD) 
2.2. European standards (EN 15240, EN 15239) 
 
 
 
3. Air-conditioning systems basics 
3.1. Thermodynamic background 
3.2.  Air-conditioning classification 
3.3.  Air-conditioning description 
 
 
4. HARMONAC Inspection procedures (these should contain details of 
how the tools are used within them i.e. for each inspection item which 
tools are of use) 
4.1.  Pre-inspection 
4.2.  Inspection 
- Packaged air conditioning systems 
- Centralised air conditioning systems 
4.3. Audit 
 
5. On-site data collection and analysis tools (show examples of use for 
each inspection item for which they are valid?) 
5.1. Data collection from AC systems on-site e.g. pressure drops, etc 
5.2. Benchmark 
5.3. Simaudit 
5.4. Cat tool 
5.5. Other tools e.g. AC-Cost, MacWhirters tools, etc.  
6. Inspection report and recommendations 
6.1. Inspection report principles  
6.2. Reporting of Energy Conservation Opportunities (ECOs) 
 
 
 
7. Examples of use of procedures on real systems 
7.1. Selected examples from different EU countries 
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13 COMMUNICATION  AND  DISSEMINATION  ACTIVITIES  
13.1 NETWORKING  
Over the course of the project, HARMONAC’s findings were communicated via a wide selection of materials 
targeting a variety of actors and stakeholders in the field of A/C inspection. Means of communication included a 
website, press releases, scientific papers, presentations at a wide range of national and European/international 
conferences, workshops and seminars, a bi-annual newsletter, HARMONAC networking meetings and workshops as 
well as more informal communication and networking with relevant stakeholders. 
All materials and means of communication were closely linked and complemented each other, as visible on the graph 
below. 
 
Graph 12: Communication materials and tools used within the HARMONAC project 
Although all communication materials and tools were available for everybody interested in the project, they have 
been developed to address the following groups of actors and stakeholders: 
Table 38: Target groups for communication materials and tools 
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European bodies        
National policy makers and legislation bodies        
Regional policy makers and legislation bodies        
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Energy agencies        
Concerted Action EPBD II members        
Standardization bodies        
Individual inspectors, future inspectors, energy auditors        
Training organisations and accreditation bodies        
HVAC manufacturers and trade associations        
Energy consultants        
Installers, maintenance companies, on site HVAC engineers        
Building owners and operators        
ESCOs        
Research institutions        
3rd countries        
Though it is apparent from mailing lists, networking reports and the like that representatives of all above mentioned 
stakeholder groups could be reached the project has been especially successful in communication towards authorities 
and professional associations.  
The topic of A/C system inspection is a new and in many countries still unfamiliar one – also for involved parties 
like building owners, A/C system operators, installers and inspectors. In many countries a clear solution did not exist 
when the project started and inspection is still not everyday practice now that the project ended. Therefore 
communication and networking has concentrated on the one side on (regional and national) authorities responsible 
for implementing appropriate regulations and expert associations. It was also from these expert associations where 
HARMONAC received the strongest feedback, for example from REHVA. Through implementation of 
comprehensive inspection processes and regulations and communication towards members the topic will be further 
spread, also after the end of HARMONAC. 
Generally the objective of communication was to provide information about practical experiences from the 
inspection process (timings, savings, technical obstacles, training needs, etc.) to on the one hand public authorities 
involved in the legislative processes and on the other hand to the experts involved in the implementation of the 
inspection. Also information on tools and materials developed to support the inspection process (simulation tools, 
energy conservation opportunities catalogue, training material, etc.) should be spread so that they can be used by a 
wide range of experts. 
The following chapters provide an overview on interesting communication materials and tools available. 
13.2 WEBSITE   
The HARMONAC website www.harmonac.info is the centrepiece of all communication material as almost 
everything produced by the project team is available for download there. Also the website provides comprehensive 
information about the project and it’s findings including: 
- Introduction on the project 
- (Legal) background for the project – EPBD Article 9 
- Summary on achieved results and findings 
- Field Trials and Case Studies and the HARMONAC database 
- Links to other relevant or related projects, initiatives and organisations 
- Relevant events and conferences (regularly updated during the project) 
- Download area with reports, newsletters, press articles, presentations, papers, simulation tools, etc. This 
area also included the possibility to register for the newsletter. 
- Contact details of project partners 
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- Most important findings from the AUDITAC project, which was the forerunner for HARMONAC 
 
Graph 13: Screenshot HARMONAC website 
The website was so far used by about 9,000 different users who visited the website about 11,000 times. Overall more 
than 88,000 hits were recorded. 
13.3 NEWSLETTER  AND  PRESS  ARTICLES  
A newsletter was produced periodically, altogether seven times during the project period, and distributed to about 
350 people in 29 countries in Europe (EU 27, Croatia and Norway). The newsletter picked up relevant activities from 
the other work packages as well as preliminary findings. The last newsletter provided a short overview on the final 
findings from all activities performed during the project.  
Table 39: Overview on HARMONAC newsletters 
News
letter 
Publishing 
date 
Pages Topics 
NL 1 January 2008 4 Introduction of the HARMONAC project 
NL 2 July 2008 5 Inspection methodologies 
EPBD Concerted Action 
Case Studies from Italy, Portugal and Belgium 
Public workshops in Brussels and Paris 
NL 3 March 2009 5 Status of implementation of Article 9 of the EPBD 
Case Studies from Slovenia, UK and Greece 
Master thesis based on AUDITAC results 
NL 4 June 2009 6 Preliminary results of time needed for inspection and potential energy savings 
Measurement of electric consumption during an inspection 
Case Study from Austria 
NL 5 December 
2009 
6 Status of Field Trials and Case Studies available from the database 
Public workshops in Greece, Portugal and Slovenia 
Important points for reduction of energy consumption of A/C systems 
NL 6 April 2010 6 HARMONAC inspection methodology 
Energy Conservation Opportunities (ECO) catalogue 
Practical experiences from Field Trials and Case Studies 
A/C inspection regulations influenced by the HARMONAC project 
NL 7 October/ 
November 
2010 
 Final ouputs: 
Inspection methodologies; Field Trials and Case Studies; Energy Conservation 
Opportunities; HARMONAC Database; Simulation tools; Training materials; 
Implementation of Article 9 of the EPBD; Networking; Dissemination and 
communication materials 
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Graph 3: Exemplary pages from newsletters 4, 5 and 6 
The project team also prepared press releases picked up by the media in the involved countries. Articles about 
HARMONAC were published in the specialized press like “Building Services and Environmental Engineer, 
Facilities Management Journal, Heating, Ventilation and Plumbing, Refrigeration and Air Conditioning (all UK), 
Climatização (Portugal), CVC (France), Il Sole 24 Ore (Italy), ECES (Slovenia), HLK, Haustec praxis, Gebäude 
Installation and B:2 Tec (Austria).  
13.4 WORKSHOPS  AND  CONFERENCES  
HARMONAC findings were presented and discussed within a wide range of conferences, workshops and seminars. 
In each of the participating countries one HARMONAC workshop was organised, sometimes in cooperation with 
other related projects or initiatives, to introduce more in detail all aspects of the project work and facilitate 
networking and exchange between the relevant actors in the field of A/C inspection. Presentations by the 
HARMONAC project team and other (national) experts were followed by a lively discussion with the participants. 
Additionally the project team organised an A/C inspection session at the CLIMA 2010, REHVA’s congress on 
“Sustainable Energy Use in Buildings”, one of the most significant events within the field of A/C systems.  
Table 40: Overview on HARMONAC networking meetings/workshops 
Workshop Date Number of participants 
Belgium 28.01.2008 39 
France 02.04.2008 25 
Greece 25.-26.05.2009 100 
Portugal 15.06.2009 46 
Slovenia 30.09.2009 31 
Austria 27.01.2010 48 
UK 07.07.2010 64 
Italy 06.2009 – 02.2010 3502 
Sum  703 
 
                                                          
2 In Italy no dedicated HARMONAC workshop was organised. Instead the project was presented at a series of 
AIRCARR workshops in four different cities in Italy. 
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Graph 4: Presentations and discussions at the HARMONAC workshops 
 
Graph 5: HARMONAC coordinator Ian Knight and Jorma Railio from REVHA at the CLIMA 2010 conference 
Apart from the organisation of own events HARMONAC was also presented at conferences, workshops and 
seminars.  
Altogether 24 papers and 63 presentations were prepared 
during the HARMONAC project. Papers were submitted 
to and accepted at important conferences like CLIMA, 
IEECB and Climamed. Presentations were given at the 
HARMONAC networking meetings with 703 participants 
in all eight involved countries (see table) as well as 
workshops organised by organisations like REVHA, 
CIBSE, AICARR, SIRAC, the Concerted Action EPBD 
and the EnR buildings working group. The graphs indicate 
the distribution of topics covered by the papers and 
presentations.  
Most scientific papers focused on the development of 
simulation tools for supporting the inspection of A/C 
systems as well as Energy Conservation Opportunities and 
were directed to a scientific and technical audience. The 
presentations were more focused on results from practical 
Field Trials and Case Studies as well as general 
information on the project (in the beginning) and its 
findings (more towards the end). 
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14 OVERALL  CONCLUSIONS  
HARMONAC aimed to establish how effective the current AC Inspection process is likely to be at achieving 
substantial energy savings in practice. 
To achieve this aim, HARMONAC has dissected the AC System Inspection process, undertaken Case Studies and 
Field Trials investigating the use of energy in AC systems in practice, produced modelling tools for AC systems and 
buildings, and presented its findings to many of the main actors in the area. 
From these studies and its other activities, the following main conclusions have been drawn: 
• The opportunities for saving energy in AC systems appear substantial and occur regularly across all system 
types in all areas of Europe with average savings of 35 – 40% appearing possible from the largest to the 
smallest systems. 
• The potential for reducing the primary energy consumption of the EU by 0.7% appears to exist, but only 
0.26% it seems will be addressed by the AC Inspection process as it currently exists. 
• Operation and Maintenance ECOs are amongst the most frequently occurring ECOs in the Case studies, 
offering some of the largest savings for little or no investment. However, many of the control ECOs will not 
be identifiable through the current Inspection process as they occur over time and need detailed metered 
data to identify. 
• Data that relates directly to the system being investigated appears to be the main catalyst in motivating 
owners/operators to invest time and money into rectifying a situation. General recommendations are too 
vague and are normally ignored. This is of concern to the EPBD which requires Inspection reports to 
provide recommendations for improvement. It is very likely that most of these recommendations will be 
generic in nature – probably using HARMONAC and similar material as a basis. 
• An Inspection will generally take between 0.5 to 3 days provided the basic data is available on the building 
and AC system to be inspected. If this data is not available then for larger systems the Inspection can take 
months to complete in elapsed time if all the data requested is to be included in the report. For many first 
time inspections this latter situation is the most likely scenario. 
• As currently written the European Standards covering AC Inspections are perhaps too time consuming; ask 
for detail and information that are generally difficult or impossible to obtain for the large majority of 
systems; and cannot address some of the major opportunities for reducing energy use in AC systems 
• The current Inspection process is also flawed due to: 
o A lack of trained inspectors to undertake the Inspections needed 
o A lack of existing information about installed AC systems making the Inspection process either 
very expensive or incomplete 
o A lack of high profile penalties being imposed for non-compliance 
o The above 3 factors have led to very low cost ‘compliance’ Inspections dominating the market  
• Owner/operators of AC systems are generally not seeing the Inspection process as an opportunity to 
improve their energy efficiency. Anecdotally they are either simply having compliance Inspections 
undertaken or are yet to have an Inspection at all. They appear to see little benefit in investing time and 
effort into AC system energy efficiency, and the penalties for non-compliance are generally either non-
existent or not persuasive enough to encourage more interest. 
Many of the energy efficiency barriers found in the project, including the lack of ownership of energy efficiency by 
the owner/operators of AC systems, could be overcome by establishing benchmarks for good AC system energy 
performance and encouraging the owners to meet these by minimising or eliminating the need for Inspection where 
acceptable performance had been established by monitoring and record keeping. 
This approach would further reduce the pressure on the Inspection system as only those systems that had poor energy 
consumption relative to the benchmarks, or did not adopt this approach, would require Inspection. This would allow 
Member States to adopt more appropriate penalties for non-compliance with Inspection and/or its recommendations, 
in turn allowing the Inspection market to become profitable and professional as it could then meet the demand for 
Inspection with well-qualified Inspectors, as well as charge enough to make participation worthwhile. 
Finally, as more AC systems adopted the benchmarking approach, the approaches for achieving low energy 
consumption in practice would become very clear - allowing energy consumption to reduce further and new 
benchmarks for acceptable performance to evolve. The HARMONAC Partners have proposed an EU wide project, 
called iSERV, following on from HARMONAC which adopts exactly this approach to stimulate a market in this area 
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and to prove to the EU Member States that the approach will achieve significant energy savings in the participating 
AC systems as well as substantially reducing the cost to achieve these savings. 
In addition to the above findings, HARMONAC has produced a wealth of information which can be found within its 
Case Studies and Field Trials. This report has only touched on the main points to be made regarding the aims of the 
project. The reader is encouraged to read the Project Case Studies and Field Trials for more detailed information. 
HARMONAC set out with the following aims: 
• To understand more clearly how Air Conditioning systems consume energy. This was achieved through 
detailed measurements and investigations of Case Studies of working A/C systems from across Europe. 
This information is an essential step for assessing the real energy saving opportunities available from AC 
systems. 
• To assess the opportunities for energy savings. This aim was to discover the Energy Conservation 
Opportunities (ECOs) the current standards for Inspection of air-conditioning (AC) systems would identify 
in practice, and compare these to the ECOs found from the more detailed monitoring undertaken in the 42 
Case Studies undertaken in the Partner Member States. From this work we have been able to state whether 
current Inspection procedures are effective, which ECOs they identify and which they miss, and hence come 
to an opinion about how energy efficiency in real AC systems might be improved in practice assuming that 
an Inspection will form part of this process. 
• As a result of the project, to propose a series of AC Inspection procedures that provide the project 
Partners views of A/C Inspection. These would take the main findings and observations from HARMONAC 
and turn them into the HARMONAC Partners view of what a good AC Inspection might look like. Two 
other procedures are also provided – a minimum view of what an Inspection should contain and the full set 
of Inspection items that were investigated during the project. The aim is not to replace to CEN Standards 
but to illustrate how the Inspection process might be amended in the light of the HARMONAC findings 
• To provide new field-tested materials and tools to aid Inspectors in the Inspection process. The 
process of Inspection is currently a ‘point-in-time’ investigation with usually limited access to useful 
historic consumption data. HARMONAC therefore determined that there was a need for tools which the 
Inspector could use to determine the likely performance of the inspected AC system over time. These tools 
should be quick and simple to use as the amount of time allowed for each Inspection would very likely be 
quite limited. A tool for use during the Inspection was also produced, into which simple measurements 
could be quickly entered and estimates of the operating system efficiency obtained. This tool has proved 
very useful at quickly identifying operating problems with the inspected systems during the inspection 
itself. The other type of material useful to the Inspection process produced by the project is a Teaching 
Package, which has coalesced the project findings into its main elements and packaged them as a series of 
Powerpoint presentations which the trainers of Inspectors can use to help teach those aspects of inspection 
which are most important to saving energy. 
• To ensure the information is presented to the main actors in the field concerned with regulating and 
implementing this activity. The HARMONAC findings have already helped in amending those aspects of 
the Recast Energy Performance of Buildings Directive covering air-conditioning inspection. Future work 
already planned includes a REHVA Guidebook covering the practical implementation of AC system 
inspections which should be complete for 2012. This will have input from members of the CEN Standards 
committee responsible for updating the AC Inspection Standard for 2014. The overall intention is that the 
findings from HARMONAC help to produce guidance, regulation and legislation in this area that optimises 
the energy and cost benefits to the system owners, and hence to Europe, from the time and money invested 
in these inspections. 
  
Overall, it is considered that HARMONAC has fulfilled all its main objectives. The Partners hope that the 
information from the project will be of great value to all those with an interest in improving the efficiency with 
which we undertake air conditioning in our buildings. 
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APPENDICES  
14.1 APPENDIX  1: THE HARMONAC   INSPECTION  PROCEDURES  
14.1.1 APPENDIX 1A:  FULL  HARMONAC AIR CONDITIONING   INSPECTION  PROCEDURE  
See file Appendix 1a: Full HARMONAC Air Conditioning Inspection Procedure.doc 
14.1.2 APPENDIX 1B:  PREFERRED  HARMONAC  AIR CONDITIONING  INSPECTION  PROCEDURE    
See file Appendix 1b: Preferred HARMONAC Air Conditioning Inspection Procedure.doc 
14.1.3 APPENDIX 1C:  SHORT HARMONAC AIR  CONDITIONING   INSPECTION PROCEDURE 
See file Appendix 1c: Short HARMONAC Air Conditioning Inspection Procedure.doc  
 
14.2 APPENDIX  2: CASE  STUDIES  AND  FIELD  TRIALS 
14.2.1 Appendix  2a:  Austrian  Case  Studies  and  Field  Trials  
The full reports of the Austrian Case Studies and Field Trials are available in Appendix 2a: Austrian Case Studies 
and Field Trials which are provided as 2 separate zip files.  
14.2.2 Appendix  2b:  Belgian Case  Studies  and  Field  Trials  
The full reports of the Belgian Case Studies and Field Trials are available in Appendix 2b: Belgian Case Studies and 
Field Trials which are provided as 2 separate zip files.  
14.2.3 Appendix  2c:  French  Case  Studies  and  Field Trials  
The full reports of the French Case Studies and Field Trials are available in Appendix 2c: French Case Studies and 
Field Trials which are provided as 2 separate zip files.  
14.2.4 Appendix  2d:  Greek Case  Studies  and Field Trials 
The full reports of the Greek Case Studies and Field Trials are available in Appendix 2d: Greek Case Studies and 
Field Trials which are provided as 2 separate zip files.  
14.2.5 Appendix  2e:   Italian Case  Studies  and  Field Trials 
The full reports of the Italian Case Studies and Field Trials are available in Appendix 2e: Italian Case Studies and 
Field Trials which are provided as 2 separate zip files.  
14.2.6 Appendix  2f:  Portuguese Case  Studies and Field Trials  
The full reports of the Portuguese Case Studies and Field Trials are available in Appendix 2f: Portuguese Case 
Studies and Field Trials which are provided as 2 separate zip files.  
14.2.7 Appendix  2g:  Slovenian Case  Studies  and Field Trials 
The full reports of the Slovenian Case Studies and Field Trials are available in Appendix 2g: Slovenian Case Studies 
and Field Trials which are provided as 2 separate zip files.  
14.2.8 Appendix  2h:  UK Case  Studies  
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The full reports of the UK Case Studies are available in Appendix 2h: UK Case Studies which is provided as a 
separate zip file.  
14.2.9 Appendix  2i:  UK Field Trials  
The full reports of the UK Field Trials are available in Appendix 2i: UK Field Trials which is provided as a separate 
zip file.  
 
14.3 APPENDIX  3: ENERGY  CONSERVATION  OPPORTUNITIES  
The full list of Energy Conservation Opportunities is available in Appendix 3: Energy Conservation Opportunities as 
a zip file. 
14.4 APPENDIX  4: TOOLS  FOR  USE  IN   INSPECTIONS  
The 6 computer tools for use in inspection are: 
• AC-Cost 
• CAT / CAT 2 
• System Performance Calculator 
• Bill Analyser 
• SimBench 
• SimAudit 
Appendix 4 contains the working versions of all these tools 
14.5 APPENDIX  5: TEACHING PACKAGE 
The HARMONAC Teaching Package is available as zip file in this Appendix 
14.6 APPENDIX  6: PAPERS PUBLISHED  
All the Papers published during the HARMONAC project are provided in this Appendix 
14.7 APPENDIX  7: NEWSLETTERS  AND  PRESENTATIONS  
All the Newsletters and Presentations produced during the HARMONAC project are provided in this Appendix. In 
particular the final newsletter which acts as the main Summary of the Project, and the 2 page Project Factsheet can 
also be found here. A one slide summary of HARMONAC’s main findings is also present. 
  
Intelligent Energy – Europe Promotion & Dissemination Projects 
HARMONAC – Harmonising Air Conditioning Inspections in Europe Page 239 of 240  
 
                                                          
REFERENCES  
 
 
i Mitigation of CO2, Emissions from the Building Stocks – ECOFYS for Eurima & EuroACE 
ii Energy Consumption Guide 19 – Energy Use in Offices. Crown Copyright, March 2003  
iii EU energy and transport in figures 2010, Statistical Pocketbook, European Union, 2010 
iv TB Holzinger Ingenieurgesellschaft mbH,Vienna and Grazer Energieagentur GmbH, Styria 
v MA 27 – EU-Strategie und Wirtschaftsentwicklung, Dezernat Energie, Vienna 
vi LandesEnergieVerein Steiermark, Styria 
vii The first year the building was operating was in 2009. The monitoring was in place but improvements and 
adaptations are still needed. 
viii Energetische Gesamtbewertung des Passivhaus-Bürogebäudes ENERGYbase anhand der Monitoring Ergebnisse 
2008/2009; STARL, C.; 2010; Vienna 
Ergebnisse Monitoring 2008/2009 des wasserbasierten Kühlsystems mit Evaluierung des Innenraumkomforts 
im Passivhaus-Bürogebäude ENERGYbase; EDLINGER, T.; 2010; Vienna 
Ergebnisse Monitoring 2008/2009 der Lüftungsanlage im Kühlbetrieb mit solargestützter DEC-Technologie 
im Passivhaus-Bürogebäude ENERGYbase; MAIR AM TINKHOF, O.; 2010; Vienna 
Ergebnisse Monitoring 2008/2009 des wasserbasierten Heizsystems mit Evaluierung des Innenraumkomforts 
im Passivhaus-Bürogebäude ENERGYbase; HOFER, V.; 2010; Vienna 
ix Significant in terms of energy savings and applicability 
x Lessons learnt from undertaking hundreds of EPBD Article 9 Inspections of Air conditioning systems – findings 
and observations from the Harmonac Project industrial partner; WRIGHT, D.; 2010; UK 
xi Based on the refrigeration industry norm ratio of 16 hours in 24 for the compressor running time  
Ref: Andrew D. Althouse, Carl H. Turnquist, Alfred F. Bracciano, Modern Refrigeration and Air 
Conditioning, Goodheart-Wilcox, 2004. ISBN: 1590702808 
xii Compressor efficiency drops by 2 to 4 % for every 1oC reduction in evaporating temperature  
Ref: UK Carbon Trust figures 
xiii Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010 on the energy performance 
of buildings (recast). OJ of the EU 18 June 2010.  
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:EN:PDF 
xiv International Energy Agency, implementing agreement “Energy Conservation in Buildings and Community 
Systems” 
xv The Executive Summary report may be downloaded from the CA website http://www.epbd-ca.org  
xvi Summary reports for each Core Theme may be downloaded from the CA website http://www.epbd-ca.org 
xvii Clima 2010 (Antalya, 9-12 May 2010); Clima 2007 (Helsinki, 10-14 June 2007) 
xviii http://paginas.fe.up.pt/~/site/?option=case 
xix OJ L 161, 14.6.2006, p. 1. 
xx Published in the Official Journal of the European Union L 161/1 of 14.6.2006. 
xxi Further information on this issue may be found in the document, available in the BuildUp website, “P123 - EPBD 
Inspections – Possible coordination with fluorinated greenhouse gas-checks and other inspections”. 
xxii Filename: EPBD_BuPLa_Country_reports.pdf 
xxiii http://www.epbd-ca.org 
xxiv A concise presentation on the EN standards may be found in “Booklet 5 Compilation of Information Papers 
introducing the CEN standards concerning Inspection of Systems for Heating, Air Conditioning and 
Ventilation”. The document is available at www.iee-cense.eu 
xxv A report on the workshop is available at: 
http://www.sisailmayhdistys.fi/portal/fisiaq_in_english/clima_2007_wellbeing_indoors/ 
xxvi “AUDITAC - Field benchmarking and Market development for Audit methods in Air Conditioning”. European 
Commission Project Intelligent Energy Europe: EIE/04/104/S07.38632 AUDITAC. February 2007 
xxvii Knight IP and Dunn G – “A/C Energy Efficiency in UK Office Environments”  International Conference on 
Electricity Efficiency in Commercial Buildings (IEECB 2002), Nice, France May 2002 
Intelligent Energy – Europe Promotion & Dissemination Projects 
HARMONAC – Harmonising Air Conditioning Inspections in Europe Page 240 of 240  
                                                                                                                                                                                            
xxviii Knight IP and Dunn G – “Energy Consumption Of Air Conditioning Systems In UK Office Environments”. 
Indoor Air 2002 Conference, Monterey, California, July 2002 
xxix Knight IP, Dunn GN – “Evaluation of Heat Gains in UK Office Environments”, Proceedings of CIBSE / 
ASHRAE Conference, Edinburgh, 24-26 September 2003. ISBN 1-903287-43-X 
xxx Knight IP & Dunn GN – “The potential for reducing Carbon Emissions from Air Conditioning Systems in UK 
Office Buildings”, International Conference on Electricity Efficiency in Commercial Buildings (IEECB 
2004), Frankfurt, Germany April 2004 
xxxi Knight IP, Dunn GN and Hitchin ER– “Measured Chiller Efficiency In-Use: Liquid Chillers & Direct 
Expansion Systems within UK Offices”, International Conference on Electricity Efficiency in Commercial Buildings 
(IEECB 2004), Frankfurt, Germany April 2004 
xxxii Knight IP, Dunn GN and Hitchin ER– “Measuring System Efficiencies of Liquid Chiller and Direct 
Expansion”, ASHRAE Journal, pages 26 – 32, February 2005. ISSN: 0001-2491 
xxxiii Knight IP & Dunn GN – “Measured Energy Consumption and Carbon Emissions of Air-Conditioning in UK 
Office Buildings” Building Services Engineering Research & Technology Journal, p89-98, 26-2 CIBSE 
(2005) London ISSN 0143-6244 
xxxiv Knight IP & Dunn GN – “Small Power Equipment Loads in UK Office Environments”. Energy and Buildings 
Journal, pages 87 – 91, 37 Elsevier (2005) ISSN: 0378-7788 
xxxv Knight IP & Dunn GN – “Carbon and Cooling in UK Office Environments”, Indoor Air 2005 Conference, 
Beijing, China. September 2005 
xxxvi Knight IP & Dunn GN – “The Potential Impacts On Energy Efficiency In Air Conditioning Systems Of The 
Inspection Requirements In The Energy Performance In Buildings Directive” Invited paper to AICARR 
Conference, Milano, Italy March 2006 
xxxvii Knight IP, Marsh AJ, Dunn GN & Bleil de Souza C – “The Components Of Heating And Cooling Energy 
Loads In UK Offices, With A Detailed Study Of The Solar Component”, International Conference on 
Electricity Efficiency in Commercial Buildings (IEECB 2006), Frankfurt, Germany April 2006. Luxembourg: 
Office for Official Publications of the European Communities. ISBN 92-79-02748-4 
xxxviii Bleil de Souza C, Knight IP, Dunn GN & Marsh AJ – “Modelling Buildings For Energy Use: A Study Of 
The Effects Of Using Multiple Simulation Tools And Varying Levels Of Input Detail”, International 
Conference on Electricity Efficiency in Commercial Buildings (IEECB 2006), Frankfurt, Germany April 
2006. Luxembourg: Office for Official Publications of the European Communities. ISBN 92-79-02748-4 
xxxix Dunn GN, Bleil de Souza C, Marsh AJ  & Knight IP – “Measured Building and Air Conditioning Energy 
Performance: An empirical evaluation of the energy performance of air conditioned office buildings in the 
UK”, International Conference on Electricity Efficiency in Commercial Buildings (IEECB 2006), Frankfurt, 
Germany April 2006 Luxembourg: Office for Official Publications of the European Communities. ISBN 92-
79-02748-4 
xl Alexandre JL, Knight IP, Andre P, Hannay C, LeBrun J – “About the audit of air conditioning systems: 
Customer advising with the help of case studies and benchmarks, modelling and simulation”, International 
Conference on Electricity Efficiency in Commercial Buildings (IEECB 2006), Frankfurt, Germany April 
2006. Luxembourg: Office for Official Publications of the European Communities. ISBN 92-79-02748-4 
xli Knight IP – “The Architect and Air Conditioning”, MADE Journal, Issue 3, Welsh School of Architecture, June 
2006 ISSN 1742 - 416X 
xlii Knight I, Marsh A, Bleil de Souza C – “The AUDITAC Customer Advising Tool (CAT) Website and stand-alone 
software”. Available at:  http://www.cardiff.ac.uk/archi/research/auditac/advice_tool.html. December 
2006. 
xliii www.squ1.com  
xliv http://www.eere.energy.gov/buildings/energyplus/  
xlv HVCA – “RAC80 – Design Specification for DX Packaged Air Conditioning Equipment in Buildings”, June 
2005. ISBN: 0-903783-52-5 
 
